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PREFACE 


TO  THE   SECOND   EDITION. 


By  the  rapid  development  of  Tramways  during  the 
sixteen  years  that  have  elapsed  since  the  first  edition 
of  this  work  appeared,  much  experience  has  been 
gained,  and  much  improvement  made  in  construction. 
In  view  of  the  employment  of  mechanical  traction  upon 
a  large  number  of  tramwaye,  the  attention  of  engineers 
has  been  largely  directed  to  increasing  the  strength  of 
the  way,  for  the  purpose  of  carrying  engines  of  the 
weight  necessary  for  hauling  power,  as  well  as  for 
adhesion.  In  the  result,  so  far,  metal  ways,  with  girder- 
rails  and  simple  connections,  are  the  kind  of  structure 
at  which  we  have  arrived — on  the  principle,  it  may  be 
supposed,  of  "  the  survival  of  the  fittest."  But  we  still 
await  a  settlement  of  the  question  of  the  best  means  of 
traction. 
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To  record   analytically  the  progress  that  has  been 
made  in  the  design  and  construction  of  tramways,  and 
in  modes  of  traction  by  mechanical  power — including' 
cable  traction,  electric  traction,  and  other  motors — is 
one  of  the  principal  aims  of  the  present  volume.    As  in 
the  first  edition,  so  in  the  second,  the  work  has  been 
written  with  special  reference  to  the  Tramways  of  the 
United  Kingdom,  with  incidental  notices  of  work  on 
the  Continent  and  in  America.    A  glance  at  the  Table 
of  Contents  will  be  sufficient  to  disclose  the  extent  to 
which  an  attempt  has  thus  been  made  to  cover  the 
ground  necessary  for  a  comprehensive  survey   of  the 
history  and  progress  of  tramways. 

In  addition  to  engineering  matters,  the  accounts  of 
various  English  tramways,  and  the  capital  cost  and 
working  expenditure  of  some  of  the  undertakings,  have 
been  submitted  to  analysis.  The  propriety  and  desir- 
ability of  uniformity  of  accounts,  which  is  now  enforced 
by  the  Board  of  Trade,  was  first  recognised  by  the  North 
Metropolitan  Tramway  Company.  The  beneficial  effects 
of  uniformity  and  lucidity  of  accounts  are  indisputable, 
not  only  for  the  instruction  and  satisfaction  of  investors, 
but  for  the  guidance  of  promoters  of  kindred  under- 
takings. 

In  regard  to  the  statistical  information  given  in  the 
present  volume,  it  should  be  mentioned  that — the  re- 
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vision  of  the  work  for  a  new  edition  having  occupied 
my  attention  over  a  considerable  length  of  time,  owing 
to  other  engagements — the  details  of  particular  under- 
takings have  not  in  every  case  been  brought  down  to 
the  date  of  the  last  returns ;  but  it  is  believed  that  in 
all  cases  the  information  given  will  be  found  such  as 
to  indicate  with  sufficient  precision  the  points  to  which 
the  attention  of  persons  investigating  the  subject  of 
tramways  should  be  directed,  and  the  quarters  in  which 
further  inquiry  may  be  usefully  made. 

In  the  Appendix,  besides  other  matters  of  interest, 

there  will  be  found  a  full  abstract  of  the  provisions  of 

the  Tramways  Act,  1870 ;   some  account  of  the  separate 

Parliamentary  Enactments  relating  to   Scotland   and 

Ireland ;  the  fiill  text  of  the  Board  of  Trade  Rules  for 

the  gruidance  of  promoters  of  tramway  undertakings; 

and  a  full  report  of  the  judgment  given  by  the  House  of 

Lords  (July  30,  1894)  on  the   question  (arising  under 

Section  43  of  the  Act  of  1870)  of  the  basis  on  which  the 

value   of  tramway  undertakings  purchased  by   Local 

Authorities  should  be  assessed.    The  various  forms  of 

Byelaws  and   Regulations   affecting  tramways,  which 

have  been  issued  by  the  Board  of  Trade,  are  also  given. 

In  conclusion,  I  may  express  the  hope — not  only  in 

regard   to   tramways  properly  so   called,  but  also   in 

respect  of  other  forms  of  light  railways,  the  introduction 
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of  which  in  country  districts  is  now  anticipated  in  the 
near  future — that  this  new  and  enlarged  edition  of  a 
work  which  has  been  so  favourably  received  may  be 
found  of  continued  service  to  all  engaged  in  the  promo- 
tion, or  construction,  or  management  of  such  under- 
takings. 

In  carrying  out  the  revision,  I  have  availed  myself  of 
the  best  sources  of  information,  including  the  Proceed- 
ings of  the  Institution  of  Civil  Engineers  and  of  the 
Institution  of  Mechanical  Engineers,  the  Tramway 
Returns  issued  by  the  Board  of  Trade,  and  numerous 
official  documents  of  the  several  companies  whose  lines 
are  described  or  referred  to ;  and  I  have  to  acknow- 
ledge with  hearty  thanks  the  assistance  kindly  rendered 
me  in  many  quarters  (some  of  which  are  indicated  in 
the  text)  in  furnishing  needful  particulars  of  informa- 
tion. 

D.  K.  Clark. 

8,  Buckingham  Strekt,  Adelmii. 
London  :    Srptembcr,  1894. 
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TO  THE  FIRST  EDITION. 


Tramways  have  been  developed  by  dint  of  sheer  hard 
work  and  persistency,  and  they  are  now  an  accepted 
means  of  transport,  urban  and  suburban,  sanctioned  by 
experience,  approved  and  adopted  by  the  public. 

Unassuming  and  unobtrusive  as  they  are,  tramways 
have  been  the  subject  of  a  wide  range  of  experience. 
By  failures,  engineers  have  discovered  what  would  not 
do ;  and,  as  practical  philosophers,  they  have,  by  induc- 
tion, arrived  at  the  conditions  of  eflGiciency.  There  exists 
a  sentiment,  which  is  somewhat  prevalent,  that  tramway 
engineering  is  but  a  humble  branch  of  the  profession. 
The  sentiment,  born  of  self-complacency,  is  delusive. 
To  tramways,  it  is  true.  Titanic  arches,  Acherontian 
tunnels,  and  Cyclopean  engines,  do  not  appertain. 
Nevertheless,  tramways  cost  half  as  much  as  railways, 
and  they  earn  more  money  by  the  mile ;  they  have  in- 
volved as  much  blundering  as  railways;  like  railways, 
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they  have  exhausted  reputations,  and  they  have  cost 
more  than  railways  for  working  expenses. 

The  object  of  this  book  is  mainly  to  place  before  engi- 
neers, capitalists,  and  financiers,  a  succinct  analysis  of 
the  past  practice  and  the  present  achievements  in  tram- 
ways in  the  United  Kingdom,  as  works  of  engineering, 
and  as  money-making  concerns.  I  have  been  materially 
aided  in  this  work  by  the  engineers  of  tramways,  who 
have  kindly  placed  their  plans  and  specifications  at  my 
service ;  and  by  the  secretaries  and  managers,  who  have 
supplied  me  with  copies  of  their  accounts. 

I  believe  the  results  of  these  analyses  will  be  found  of 
essential  service,  in  showing  how  the  capital  has  been 
laid  out,  how  the  daily  expenses  are  incurred,  and  in 
what  directions  economy  of  expenditure  is  to  be  eflFected. 

Tramways  will  not  take  their  fitting  place  in  the  sys- 
tems of  transport  in  the  United  Kingdom,  until  mecha- 
nical power  is  established  in  substitution  for  the  power 
of  horses.  The  employment  of  horse-power  in  the  dire 
work  of  starting  and  dragging  the  ponderous  cars  in 
vogue  is  an  element  of  barbarism,  germane,  it  may  be, 
to  the  primitive  habits  of  oriental  life,  but  very  much 

out  of  place  in  a  civilised  country. 

D.  K.  Clark. 

tS,  Buckingham  Street,  Adelphi, 
LoSdox  :   Marchy  1878. 


CONTENTS. 


PART  L 
ORIGIN  AND  PROGRESS  OF  TRAMWA  YS. 


CHAPTER  I. 


INTRODUCTION  OF  TRAMWAYS. 


PAGES 


Early  timber  tramways — Cast-iron  tram-rails — Tramways  in  the 
United  States — Cast-iron  rail,  by  Mr.  C.  L.  Light — Philadelphia 
step-rail — ^New  York  step-rail — ^Tramways  in  Buenos  Ayres — Mr. 
G.  F.  Train's  tramways  in  England  :  at  Birkenhead,  in  London, 
in  the  Potteries — Mr.  Haworth*s  tramway  in  Salford    .         .         .     I — 15 


CHAPTER   IL 

MODERN  TRAMWAYS  IN  THE  UNITED  KINGDOM. 

The  first  Liverpool  tramway — The  crescent  rail,  by  Mr.  J.  Noble 
—Act  of  Parliament  for  the  Liverpool  Tramways — Gauge  of  way 
— Construction — Gradients — North  Metropolitan  Tramways — 
London  Tramways — London  Street  Tramways — Length  of  tram- 
ways in  the  Metropolis 16—22 


xii  CONTENTS. 


PART    II. 


STATISTICS  OF  TRAMWAYS. 


CHAPTER  I. 

GENERAL  STATISTICS. 


PAGES 


Number  of  Acts  of  Parliament  obtained,  1868  to  i890^Total 
length  of  tramways  in  the  United  Kingdom  at  Jmie  30,  1890 — 
Gross  receipts  and  expenses — Capital  costs,  receipts,  and  expenses, 
and  working  stock  of  tramways  in  the  United  Kingdom,  1878 — 90 
— Summary'  of  Tramways  in  London  .         .  .         .23 — 51 


CHAPTER  TI. 

CAPITAL,  RECEIPTS,  AND  WORKING  EXPENDI- 
TURE OF  THE  NORTH  METROPOLITAN  TRAM- 
WAYS      52-59 

CHAPTER  IIL 

CAPITAL,  RECEIPTS,  AND  WORKING  EXPENDI- 
TURE OF  THE  LONDON  TRAMWAYS         .         .      60—66 

CHAPTER  IV. 

CAPITAL,  RECEIPTS,  AND  WORKING  EXPENDI- 
TURE OF  THE  LONDON  STREET  TRAMWAYS      67—72 

CHAPTER  V. 

CAPITAL,  RECEIPTS,  AND  WORKING  EXPENDI- 
TURE  OF  THE    SOUTH    LONDON  TRAMWAYS      73-77 


CONTENTS.  Xlll 

CHAPTER  VI. 

PAGES 

CAPITAL,  RECEIPTS,  AND  WORKING  EXPENDI- 
TURE  OF  THE  BIRMINGHAM  CENTRAL 
TRAMWAYS   COMPANY 78—85 


CHAPTER  VII. 

CAPITAL,  RECEIPTS,  AND  WORKING  EXPENDI- 
TURE OF  THE  GLASGOW  TRAMWAY  AND 
OMNIBUS  COMPANY 86— go 


CHAPTER  VIII. 

CAPITAL,  RECEIPTS,  AND  WORKING  EXPENDI- 
TURE OF  THE  EDINBURGH  STREET  TRAM- 
WAYS      91—96 


CHAPTER  IX. 

CAPITAL,  RECEIPTS,  AND  WORKING  EXPENDI- 
TURE OF  THE  ABERDEEN  DISTRICT  TRAM- 
WAYS      97—99 


CHAPTER  X. 

PROPERTY,  RECEIPTS,  AND  WORKING  EXPENDI- 
TURE OF  THE  BLACKPOOL  ELECTRIC  TRAM- 
WAY        100—101 


CHAPTER  XL 
THE  LONDON  GENERAL  OMNIBUS  COMPANY   .        .  102— 109 


XIV  CONTENTS. 


PART  III. 


CONSTRUCTION  OF  TRAMWAYS. 


CHAPTER  I. 

TRAMWAYS  IN  THE  METROPOLIS. 

PAGBS 

Construction  of  tramways  under  the  first  contract — Adaptation 

of  the  pauge  for  railway  waggons — Details  of  cost  .        .1  lo — 117 


CHAPTER  H. 

LARSEN'S    FASTENING — ^LONDON    STREET    TRAM- 
WAYS— BELFAST  TRAMWAYS      ....  118— 121 


CHAPTER  IIL 

RECONSTRUCTION  OF  THE  NORTH  METROPOLITAN 

TRAMWAYS 122—129 


CHAPTER  IV. 

RECONSTRUCTION  OF  THE  LONDON  AND  LONDON 
STREET  TRAMWAYS. 

London  Tramways :  Quantities  and  cost  of  the  Aldred-Spiel- 
mann  Way  (1879,  1880) — Quantities  and  cost  of  Gowan's  Girder 
Railway — London  Street  Tramways 130 — 134 


CONTENTS.  XV 


CHAPTER  V. 

PACES 

RECONSTRUCTION  OF  THE  SOUTH  LONDON  TRAM- 
WAYS       135-139 


CHAPTER  VI. 

RECONSTRUCTION    OF    THE     LIVERPOOL     TRAM- 
VSTAYS. 

Reconstruction  on  Mr.  Deacon^s  system — Mr.  Dunscombe*s 
modifications — Quantities  and  cost  of  reconstructed  lines  as  laid 
by  Mr.  Dunscombe 140 — 161 


CHAPTER  VII. 

DUBLIN  TRAMWAYS. 

Mr.  Hopkins's  improved  side-fastening — Construction  and  cost 

of  the  I>ublin  Tramways 162 — 165 


CHAPTER  VIII. 
GLASGOW  CORPORATION  TRAMWAYS,    187O — 73    .  166-174 


CHAPTER  IX. 

GLASGOW  CORPORATION  TRAMWAYS,  1 874— 75 
— SYSTEM  OF  MESSRS.  JOHNSTONE  AND 
RANKINE 175—183 


XVI  CONTENTS, 


CHAPTER  X. 

PAGES 

GLASGOW  CORPORATION  TRAMWAYS  —  JOHN- 
STONE'S AND  RANKINE'S  MORE  RECENT 
SYSTEM  OF  WAY,    1 879— WEAR  OF  RAILS   .  184—194 


CHAPTER  XI. 
THE  VALE  OF  CLYDE  TRAMWAYS        ....  195—200 


[Chapters  XII.  to  XIV.  deal  with  various 
Ways  having  Wood  Substructure,'] 


CHAPTER  XII. 

BELOE'S     SYSTEM  :  —  SOUTHPORT    TRAMWAYS  — 

WIRRAL  TRAMWAYS 201—206 


CHAPTER  XIII. 

MACKIESON'S   SYSTEM: — DUNDEE   STREET  TRAM- 
WAYS      207-214 


CHAPTER  XIV. 

MACRAE'S  SYSTEM  :— EDINBURGH   STREET  TRAM- 
WAYS      215-220 


•  • 


CONTENTS.  XVII 


{Chapters  XV.  to  XXIV.  deal  wtfh  various 
IVays HAVING  Metal  Substructure.] 


CHAPTER  XV. 

PAGES 

KINCAID'S    IRON  WAY 227—245 


CHAPTER  XVI. 

barker's      system  :  —  MANCHESTER     CORPORA- 
TION TRAMWAYS,    1 877 246—253; 


CHAPTER  XVII. 
DOWSON'S   IRON  WAY 254 


CHAPTER  XVIII. 
WINBY  AND  LEVICK'S   SYSTE2^I 255-257 


CHAPTER  XIX. 

WILSON'S      SYSTEM  :  —  SOUTHAMPTON     STREET 

TRAMWAYS,    1 878 258—260 


CHAPTER  XX. 

DUGDALE'S   SYSTEM: — HUDDERSFIELD  CORPORA- 
TION TRA^IWAYS    (INNER  CIRCLE),    1881       .  261— 26^ 

b 


L 


XVlll  CONTENTS. 


CHAPTER  XXI. 

PACKS 

BRUNTON'S     SYSTEM:  — city    OF    OXFORD    AND 

DISTRCCT  TRAMWAYS 266— 2C8 


CHAPTER  XXII. 

VIGNOLES'  SYSTEM :— NORTH  LONDON  SUBUR- 
BAN TRAMWAYS^NORTH  STAFFORDSHIRE 
TRAMWAYS 269-271 


CHAPTER  XXIII. 

TRUSWELL'S  SYSTEM  :— DEWSBURY,  BATLEY,  AND 
BIRSTAL  TRAMWAYS  :  BIRSTAL  AND  GO- 
MERSAL  EXTENSION 272—274 


CHAPTER  XXIV. 

KERR'S  SYSTEMS. 

First  System,  Ipswich  Tramways  (1880) — ^Woolwich  and  Plum- 
stead  Tramway  ( 1 88 1 ) — Second  system,  Aliord  and  Sutton  Tram- 
ways— Third  system,  Bucharest  Tramway;  Madrid  Tramway  .  275 — 279 


CHAPTER  XXV. 

SPECIAL  TRAMWAYS. 

Glasgow  Harbour  Tramway — ^Belfast  Harbour  Tramway — Guin- 
ness' Brewery  (Dublin)  Tramways — ^Tramway  in  Horwich  Loco- 
motive Works — ^Edge's  Way 280^295 


CONTENTS.  XIX 


CHAPTER  XXVF. 
SUPPLEMENTARY — ON  FOREIGN  TRAMWAYS. 


PAGES 


Paris — Lille — Brussels — Antwerp — ^Liege — Ghent  — Constanti- 
nople— ^Moscow — Leipzig — Cassel — Lisbon — ^Wellington,  N.  Z. 
— Buenos  Ayres — Monte  Video — Cockbum-Muir's  Iron  Way- 
Mannheim  and  Ludvrigshafen  (De  Feral*s  Iron  Way) — City  of 
Buenos  Ayres  Tramways — Buenos  Ayres  Grrand  National  Tram- 
way— La  Plata  Tramway — American  practice  ....  296 — 329 

CHAPTER  XXVII. 

THE  GIRDER  RAIL 330—339 

CHAPTER  XXVIII. 

GENERAL    CONCLUSIONS    ON  THE  CONSTRUCTION 

OF  TRAMWAYS 340-353 


PART    IV. 

TRAMWAY  CARS. 


CHAPTER  L 

HISTORICAL  NOTICE  OF  TRAMWAY  CARS. 

Original  tzam-car,  New  York — ^Weight  of  cars  constructed  by 
the  Starbnck  Car  and  Waggon  Company — ^Great  strain  on  tram- 
way cars — ^Thc  fiction  of  "  dead-weight "  ....  354 — 359 

CHAPTER  11. 

INSIDE  -  AND  -  OUTSIDE  PASSENGER  -  CAR,  CON- 
STRUCTED BY  THE  METROPOLITAN  RAIL- 
WAY CARRIAGE  AND  WAGGON  COMPANY    .  360—368 

b2 


XX  CONTENTS, 

CHAPTER  III. 

PAGBS 

INSIDE-PASSENGER    CAR,  CONSTRUCTED    BY  THE 

STARBUCK  CAR  AND  WAGGON   COMPANY    .  369—370 

CHAPTER  IV. 

INSIDE-AND-OUTSIDE  PASSENGER-CAR  FOR  STEAM 
TRACTION,  CONSTRUCTED  BY  THE  FALCON 
ENGINE  AND  CAR  WORKS,  LOUGHBOROUGH     371—375 

CHAPTER  V. 

RADIAL-AXLE    PASSENGER- CAR,    BY    MR.    JAMES 

CLEMINSON 376—377 

CHAPTER  VI. 

FRENCH  TRAMCARS. 

Winter  car,  by  ^L  Francq — Summer  car,  by  M.  Francq — Cars 

by  the  Compagnie  Ginlrale  des  Omnibus  ....  378 — 380 

CHAPTER  VII. 
EADE'S  REVERSIBLE  CAR 381—382 

CHAPTER  VIII. 

BEARING-SPRINGS.      WHEELS.       ROAD  AND  RAIL 

WAGONS  WITH  FLANGELESS  WHEELS    .        .  383—397 

CHAPTER  IX. 

RESISTANCE  TO   TRACTION  ON  TRAMWAYS. 

Experiments  of  H.  P.  Holt,  Henry  Hughes,  M.  Tresca — Holt's 
tram*car  starting- gear — Experiments  of  E.  Perrett,  A.  W. 
Wright,  J.  A.  Wright,  and  H.  Conradi 398—408 


CONTENTS.  xxi 


PART  V. 
MECHANICAL  POWER  ON  TRAMWAYS. 


CHAPTER  I. 

PAGES 

fflSTORICAL     NOTICE     OF    THE    APPLICATION    OF 
MECHANICAL  POWER  ON  TRAMWAYS. 

Latta — Grice  &  Long — ^Train — Todd's  steam-locomotive — 
Todd's  hot-water  steam-car — Lamm's  ammoniacal-gas  car — 
Lamm's  hot-water  locomotive — Hot-water  locomotive  on  the 
East  New  York  and  Canartio  line — Baxter's  steam-car — Gran- 
tham's steam-car — Perkins'  tramway-locomotive  on  the  Belgian 
Street  railway — ^Three-cylinder  steam-locomotive,  by  the  SocUti 
Metallurgiquey  Belgimn — Kohl's  locomotive  at  Copenhagen — 
Smith  &  Mygind's  locomotive  at  Copenhagen — B&de's  hot- 
water  steam-car  in  Belgium — Baldwin  steam-car — Cost  of  run- 
ning horse-cars  in  Philadelphia — Ransom's  steam-car         .        .  409 — 436 


CHAPTER  II. 

CURRENT    PRACTICE    IN    THE    EMPLOYMENT    OF 
STEJOl  POWER. 

Menyweather's  earlier  tramway  engines — Their  three  classes  ot 
locomotives— Latest  condensing  tramway  locomotive — ^Their 
locomotives  at  Ronen,  Birstal  and  Dewsbury,  and  Stoke-upon- 
Trent  —  Hughes'  tramway  locomotives — Locomotives  of  the 
Falcon  Engine  and  Car  Works — Kitson  &  Co.'s  locomotive — 
Wilkinson's  worm-geared  condensing  tramway  locomotive  — 
Geoghegan's  locomotive  at  Guinness's  brewery — ^Aspinall's 
Uiunting  engines  at  Horwich  locomotive  works — Perrett's  steam- 
car — Brown's  steam-car — Rowan's  double-bogie  steam-car — 
Comparative  working  elements  for  horse-power  and  steam- 
power        437—491 


xxii  CONTENTS. 

CHAPTER  III. 

PACBS 

CALCULATION  OF  STEAM  LOCOMOTIVE  POWER  ON 

TRAMWAYS 492—501 

CHAPTER  IV. 
FIRELESS  TRAMWAY  LOCOMOTIVES    ....  502—513 

CHAPTER  V. 
COMPRESSED-AIR  LOCOMOTIVES  AND  CARS  .        .  514—524 

CHAPTER  VI. 

CABLE  TRACTION. 

Method  and  principle  of  working — Cable  tramways  in  San 
Francisco  and  Chicago— Highgate-hill  tramway — Edinburgh 
northern  cable  tramways — Birmingham  cable  tramway — Mat- 
lock cable  tramway — Brixton  cable  route  of  the  London  tram- 
ways          525—557 


PART  VI. 


ELECTRIC  TRACTION. 


CHAPTER  I. 

ELECTRIC  POWER  AS  APPLIED  TO  TRAMWAYS     .  558—565 


CONTENTS.  xxiii 


CHAPTER  IT. 

PAOIS 

EARLY     ELECTRICAL     TRAMWAYS  —  BESSBROOK 

AND  NEWRY  TRA^IWAY 566-577 


CHAPTER  IIL 

ELECTRICAL  TRAMWAYS  :— BIRMINGHAM,  BLACK- 
POOL, GUERNSEY 578-584 


CHAPTER  IV. 
CITY  AND   SOUTH  LONDON  RAILWAY         .        .        .  585—597 


CHAPTER  V. 

CONTINENTAL    ELECTRICAL    RAILWAYS  —  FLOR- 
ENCE AND  FIESOLE  RAILWAY  ....  598—604 


CHAPTER  VI. 
LIVERPOOL   OVERHEAD  RAILWAY        ....  605-  614 


CHAPTER  VII. 
THE  ROUNDHAY  (LEEDS)  ELECTRIC  TRAMWAY    .  615-626 


XXIV  CONTENTS. 

CHAPTER  VIII. 

PACKS 

SOUTH  STAFFORDSHIRE   (DARLASTON)  ELECTRIC 

TRAMWAY 627—640 

CHAPTER   IX. 
THE  NEVERSINK  MOUNTAIN  ELECTRIC  RAILROAD  641-650 


PART  VII. 
SUPPLEMENTARY  CHAPTERS. 


CHAPTER  I. 

OIL  MOTOR 65 1—654. 

CHAPTER  IL 
COMPRESSED  GAS  MOTOR 655—657 

CHAPTER  III. 
SUMMARY  I^MARKS  ON  MECHANICAL  MOTORS  .  658—662 

CHAPTER  IV. 
POINTS  AND  CROSSINGS 663—664 


CONTENTS.  XXV 


APPENDICES. 


PAGBS 
A. 

PARLIAMENTARY  AND  OFFICIAL  REGULATIONS. 

I. — Tramways  Act  (1870).  II. — Board  of  Trade  Rules.  III. — 
Forms  of  Byelaws  and  Regulations  issued  by  the  Board  of 
Trade :  (i)  For  a  Local  Authority ;  (ii)  For  a  Company ;  (iii) 
With  respect  to  the  Use  of  Steam  Power ;  (iv)  With  respect  to 
Electric  Traction.  IV. — Parliamentary'  Enactments  as  to  Scot- 
land and  Ireland.  V. — Terms  of  Purchase  of  Tramways  by 
Local  Authorities  (Judgment  of  the  House  of  Lords)         .        .  665 — 727 

B. 

CAPITAL  COSTS,  RECEIPTS,  EXPENSES,  AND 
WORKING  STOCK  OF  TRAMWAYS  IN  THE 
UNIl-ED    KINGDOM   FOR   THE  YEARS   ENDING 

30TH  June,  1891,  1892,  1893     ....         728 

c. 

TOTAL  WORKING  EXPENDITURE  ON  ALL  THE 
TRAlilWAYS  OF  THE  UNITED  KINGDOM  FOR 
THE  YEAR  ENDING  JUNE  30,    1893     .  .  729 

D. 

MILEAGE  LENGTH  OF  STREET  RAILWAYS  IN  THE 
UNITED  STATES  OF  AMERICA,  WITH  CAR 
STOCK,    1892   AND    1893 730,731 

E. 

INTRODUCTION  OF  AMERICAN  STREET  TRAMWAYS 

INTO  EUROPE.      BY  CHARLES   BURN,   C.E.      .  732-734 


XXvi  CONTENTS. 

F. 

PACKS 

TRAMWAYS  IN  GERMANY:  A  COMPARISON  BE- 
TWEEN THE  COST  OF  HORSE-TRACTION  AND 
ELECTRIC-TRACTION 735—737 

G. 
GAS   MOTORS   FOR   TRAMWAYS.     By  A.  KEMPER, 

Dessau 738 — 740 

H. 

LIST  OF  ELECTRICAL  TRAMWAYS  IN    EUROPEAN 

COUNTRIES.     By  ROBERT  HAMMOND  .  .  741—742 


INDEX ;43-758 


LIST  OF  ILLUSTRATIONS. 


FIG.  PAGE 

1.  Early  Timber  Tramways 2 

2.  do.       do.              with  double  rails      ....  2 

3.  Cast-iron  Tram-rails,  by  the  Colebrookedale  Iron  Com- 

pany      4 

4  to  9.  New  York  Tram-rails 6,  7 

10.  Cast-iron  Rail,  Boston,  U.S.,  by  Mr.  C.  L.  Light       .        .  8 

11.  Philadelphia  Step- rail 9 

12.  13.  Philadelphia  Tramways 10 

14.  New  York  Step-rail 11 

15, 16.  Mr.  G.  F.  Train's  Tramway  at  Birkenhead    ...  13 

17.  Crescent  Rail,  by  Mr.  J.  Noble 16 

18.  Early  Liverpool  Rail 18 

19  to  21.  First  Liverpool  Tramway 19,  20 

22.  North  Metropolitan  Tramway  and  London  Tramways  : 

First  Lines in 

23.  PiMLICO,    PeCKHAM,     and    GREENWICH   SECTION    OF    LONDON 

Tramways 112 

24.  Section  of  Rail,  London  Tramways 113 

25.  Larsen's  Side- fastening 118 

26.  Do.       DO.          FOR  THE  London  Street  Tramways         .  119 
27'  London  Street  Tramways  :  Section  of  Way  (187 i)      •       .120 

28.  Belfast   Tramways  :    Section    of  Rail,   with    Larsen's 

Fastening 120 

29.  North  Metropolitan  Tramways  :  Method  of  Re- construc- 

tion       122 

y>,  31.  Do.                  DO.                  Page's  System  ....  125 

32.      Do.                 DO.                 Page's  Way       .       .               •  125 


XX  via 


LIST  OF  ILLUSTRATIONS, 


43.          Do. 

DO. 

44.          Do. 

DO. 

45.          Do. 

DO. 

461048.  Do. 

DO. 

FIG. 

33.  London  Tramways  :  Aldred-Spielmann  Way 

34.  Do.  DO.       Aldred-Spielmann  Rail 

35.  GowAN*s  Girder  Rail 

36.  London  Tramways  :  Go  wan  s  Way  . 

37.  South  London  Tramways:  Meakins'  Way    . 

38.  Do.  DO.  Meakins'  Rail    . 
39, 40.      Do.                    DO.  Old  and  New  Rail  Joints 

41.  Do.  DO.  Section     of    Rail    and    Fish 

42.  Liverpool  Tramways  :  Inner  Circle,  Rail  and  Fastenings 

Section  of  Inner  Circle  Rail        • 
Section  of  Central  Grooved  Rail 

AND  Fastenings  .... 
Section'  of  Central  Grooved  Rail 
Deacon's    Way,  as    laid    by    Mr. 

dunscombe 

Section  of  Rail,  Sleeper,  and  Jaw, 

Deacon's  Way  .... 

Deacon's  Rail 

Alternative    Fastening,   Deacon's 

Way 

53.  DuBUN  Tramways  :  Section  of  Rail  and  Sleeper 

54.  Do.  DO.  Section  of  Double  Way 

55.  Glasgow  Corporation  Tramways  (First  System):  Section 

SHOWING  System  of  Construction 
(Johnston Es  and  Rankine's  System), 

Section  of  Rail 
Section  of  Rail  and  Sleepers 
Plan  of  Sleepers 

Sections  of  Rails      .        .        .184, 
Rail  and  Sleeper  of  Johnston  es 

AND  Rankine's  Way 

JOHNSTONES  AND  RANKINE'S  WaY 

67.  Vale  of  Clyde  Tramways:  Section  of  Rail 

68,  69.  Dundee  Tramways  :  Sleeper  of  Mackieson's  Way 

70.  Do.  DO.  Section  of  Sleeper 

71.  Do.  do.  Section  of  Rail 

72 .  Edinburgh  Tramways  :  Macrae's  Way  •       .        .        . 


49. 

50. 
51,52. 


Do. 

Do. 
Do. 


DO. 

DO. 
DO. 


s6. 


Do. 


DO. 


57.          Do. 

DO. 

58.          Do. 

DO. 

591063.  Do. 

DO. 

64.          Do. 

Do. 

65,  66.    Do. 

DO. 

PACK 
130 

130 
132 

133 
135 

135 
136 

139 
141 

141 

145 
145 

151 

152 
152 

157 
162 

163 
167 

178 
179 
185 

186 
187 
196 
212 
213 
213 
224 


LIST  OF  ILLUSTRATIONS,  XXIX 

riG.  PAGB 

73,  74.  Edixburgh  and  Aberdeen  Tramways  :  Plan  and  Cross- 
section  OF  Double  Line  of  Way 225, 

75  to  77.  Kincaid's  Iron  Way,  as  Patented        .        .        .    227,  228 
78,  79.  Bristol  Tramways  :  Section  of  Rail  and  Fastenings     231 

80.  Salford  Corporation  Tramways  :  Kincaid's    System,  ar- 

ranged BY  Mr.  a.  M.  Fowler    235, 

81.  Do.  do.  Plan  of  Chair 236 

236. 

238 
239 

241 

247 
248 

252 

252 

254 

25s 
256 

258 

259 

259* 
261 

262 

262 

264 

265 
266 
267 
269 
270 
272 

273. 
275. 


82.       Do.  DO.  Section  of  Rail 

83, 84.  Bristol  Tramways  :  Kincaid's  Way  .... 
85.  Do.  DO.  Section  of  Rail 

86, 87.  Salford  Tramways  :  Sections  of  Rail  and  Chair  of 
Kincaid's  Way,  as  laid  by  Mr.  Jacob 

88.  Manchester  Corporation  Tramways  :    Section   of   Rail 

AND  Sleeper    . 

89.  Do.  do.        Section  of  Barker's  Rail    . 

90.  Rusholme  Tramways:  Shaw's  Way       .... 

91.  Do.  do.  Rail  and  Sleeper      . 

92.  Madras  Tramways  :  Dowson's  Iron  Way 

93-  Nottingham  and  District  Tramways  :   Winby   and    Le 

vick's  Way 

94-  Do.  DO.       Rail  and  Baseplate 

95. 96.  Southampton  Street  Tramways  :  Wilson's  Way  . 
97*  Do.  DO.  Section  of  Rail 

98.  Do.  DO.  Section  of  Chair 

99-  Dugdale's  Way,  Huddersfield 

100.  Do.  Section  of  Rail 

loi.  Do.  Bearer 

102.  Huddersfield  Corporation  Tramways  :  Cross-section  of 

Way 

103.  Do.  DO.  Section  of  Rails  and 

Fastenings 

104.  Brunton's  Way,  Oxford  :  Rail  and  Fastening  . 
105, 106.  Do.  DO.         Section  and  Plan 
107, 108.  Vignoles'  Way,  Tottenham,  and  Stoke-upon-Trent 
109.             Do.           DO.  Rail  and  Fastening 

no.  Truswell's  Way,  Birstal 

HI.  Do.  Rail 

112.  Kerr's  Way,  Ipswich,  and  Woolwich  .... 


120. 

Do. 

DO. 

121. 

Do. 

DO. 

122. 

Do. 

DO. 

123. 

Do. 

DO. 

XXX  LIST  OF  ILLUSTRATIONS. 

FIG.  PACK 

113.  Kerr's  Way,  Rail  and  Sleeper 276 

114.  Alford  AND  Sutton  Steam  Tramways  (Kerr)  :  Section  of 

Rail,  Sleeper,  and  Fastening       .    278 

115.  Do.  DO.        Sleeper  and  Fastening  .       .        .    278 

116.  Do.  DO.         Cross-section  of  Way     .       .        .278 

117.  Bucharest  (and  Madrid)  Tramways  (Kerr)  :  Cross-section 

OF  Way 279 

118.  Do.  DO.       Section  of  Rail  and  Fastening     .    279 

1 19.  Glasgow  Harbour  Tramway  :  System  of  Messrs.  Ransome, 

Deas,  and  Napier  ....  280 
Section  of  Rail  .  .  .281 
System  of  Messrs.  Ransome,  Deas, 

AND  Napier  for  Lighter  Traffic  282 

Cross-section  ofAVay      .        .        .  283 

Chair 284 

124.  Belfast  Harbour  Tramway  :  Lizars'  System      .       .       .  288 

125.  Do.  DO.  Salmond's  System         .       .    288 

126.  Do.  DO.  System  adopted  for  Short 

Curves       ....    289 

127.  128.  Guinness's  Brewery  Tramways,  Dublin  :  Sections  of 

Rails 290 

129.  Do.  do.        Way 291 

130,  131.       Do.  do.        Sections  of  Rails         .        .        .    292 
132  to  134.  Harwich    Locomotive    Works    (Lancashire    and 

Yorkshire  Railway)  :  Rail  and  Fastenings        .    293 

135.  Edge's  Way  :  Section  of  Rail  and  Wheel  ....    294 

136.  Do.  Side  View  of  Wheel 294 

137.  Paris  Tramways  (LoObat's  Tramway)  :  Section  of  Rail 

AND  Sleeper        ....  296 

Section  of  LoObat's  Rail  .       .  296 

Sections  of  Rails         .        .        .  297 

Section  of  Rail  and  Fastening  298 

Sections  of  Rails        .       .  -     .  300 
144,  145.  Versailles  Tramway  :  Sections  of  Rails,  &c.,  by  M. 

Francq 302 

146.  Do.  DO.         Section  of  Rail         .        .        .  302 

147.  Lille  Tramways  :  Section  of  Rails  and  Chair  for  Pas- 

senger Traffic 304 


138. 

Do. 

DO. 

139, 140. 

Do. 

DO. 

141. 

Do. 

DO. 

142, 143- 

Do. 

DO. 

LIST  OF  ILLUSTRATIONS.  XXXi 

no.  PAGB 

148.  Lille  Tramways  :  Section  showing  Arrangement  of  Rails 

FOR  Railway  Waggons 304 

149 to  159.  Brussels  Tramways:  Sections  of  Raii^  .        .     306,  307 

160.  Constantinople  Tramways  :  Section  of  Rail    .        .        .    309 

161.  Do.  DO.  Section   of   Half- width  of 

Street  and  Way  .       .       .    309 

162.  Do.  do.  Section  of  Narrow  Street, 

WITH  Single  Line  of  Way    309 

163.  Moscow  Tramways:  Section  of  Way 311 

164.  Do.  DO.        Section  of  Rail  and  Fish- Joint       .    311 
165, 166.  Leipzig  Tramways  :  Sections  of  Rail  .       .       .       .312 

167.  Cassel  Tramways  :  Sections  of  Rail  and  Wheel-Tyre    .    313 

168.  Wellington  (N.Z.)  City  Tramways  :  Section  of  Rail      .    314 
169  to  171.  Buenos  Ayres  Tramways  :   Livesey's   Steel   Rail 

System         .       .315, 316 
172.  Do.  DO.  Livesey's     Iron    Rail 

System        .       .       .317 
'73  to  175.  CocKBURN-MuiR's  Iron  Way  .        .        .  .    319,320 

176.  De  Feral's  Iron  Way 325 

177, 178.  Buenos  Ayres  Tramways  :    Sections  of  Rails  and 

Fastenings       .       .• 326 

179.  Buenos  Ayres  Grand  National  Tramway  :   Section  of 

Rail  and  Joint 328 

180.  La  Plata  Tramways  :  Section  of  Rail  and  Fastening  .  329 

181.  Section  of  High  Girder  Rail,  Philadelphia  Type  .        .  329 

182.  Section  of  Burn's  Girder  Rail 330 

183.  Section  of  Legrand's  Girder  Rail 331 

184  to  226.  Sections  of  Steel  Girder  Rails  (Dick,  Kerr  &  Co.) 

336,  337 

227.  Type  of  Girder  Rail  Tramway  (Mr.  Kincaid)  :    Section 

OF  Rail  and  Fastenings      .    338 

228.  Do.  DO.  Cross-section  of  Way        .        .    338 

229.  Okiginal  Tramcar,  New  York  (1831) 354 

230  to  235.  (Plate  I.)  Passenger  Tramcar,  by  the  Metropolitan 

Railway  Carriage  and  Waggon  Company  facing  360 

236  to  238.       Do.  DO.       Wheels  and  Axle     .       .    362,  363 

239i24o.  Do.  DO.       AxLE-Box 363 

241, 242.  Do.  DO.       Disc  Car- Wheel  and  Axle      .    367 


XXXU  LIST  OF  ILLUSTRATIONS. 

"O.  PAGE 

243  to  247.  (Plate  II.)  Passenger  Tramcar,  by  the  Starbuck  Car 

Company facing  370 

248.  Section  of  Wheel-tyre  of  the  Starbuck  Car  .        .        .369 

249,  250.  (Plate  III.)  Passenger  Car  for  Steam  Traction,  by  the 

Falcon  Engine  and  Car  Works     facing  372 
251  to  253.  Elevation,  Plan,  and  End  View  of  Bogie  of  the 

same  Car 373,  374 

254.  Radial-axle  Passenger  Tramcar,  by  Mr.  James  Clemin- 


SON 3 


// 


262  to  264. 

Do. 

DO. 

265,  266. 

Do. 

do. 

267,  268. 

Do. 

DO. 

269,  270. 

Do. 

DO. 

255»  256.  (Plate  IV.)  French  Passenger  Car   .        .        .      facing    380 
257.  Composite  Springs,  with  India  Rubber  Cushions    .        .    386 

258  to  261.  Miller  &  Co.*s  Car  Wheels 387 

Sections  of  Rims      ....    388 
Steam  Tramway  Car  and  Engine 

Disc  Wheel      ...  .    389 

Wheel,  Axle,  &c.,  combined  Vieav     390 
Axlf.-guard  and  Box        .        .        .391 

271.  Handyside  Car  Wheel 391 

272,  273.  Bessbrook  and  Newry  Tramway:  Flangeless  Wheels 

AND  Way 392,  393 

274  to  276.  Road-and-Rail  Wheel  Tramway  Waggon   394,  395,  396 
277.  Traction  Experiments:  Section  of  Tyre  of  Trial  Car, 

AND  OF  Rail,  at  Leeds 399 

278  to  280.  Holt's  Tramway  Starting  Gear  ....    403,  404 
281.  Steam  Locomotive,  BY  Mr.  L.  J.  Todd  (1 871)  .        .  .411 

282,283.  FiRELESs  Steam  Car,  by  Mr.  L.  J.  Todd  (1875)       .        .    412 

284.  Ammoniacal-gas  Car,  BY  Dr.  Lamm  (1871)     ....    413 

285.  FiRELEss  Locomotive,  BY  Dr.  Lamm  (1872)      ....    414 

286.  Steam  Car,  by  Mr.  Baxter  (1872) 418 

287.  Steam  Car,  by  Mr.  John  Grantham  (1872)     ....    418 

288.  Do.  do.  (1876)     ....    421 

289.  290.  Perkins's   Condensing   Locomotive  :    Elevation  and 

Transverse  Section 424,  425 

291  to  294.  Tramway  Locomotive,  by  Merryweather  &  Sons, 
FOR  the  Dewsbury,  Batley,  and  Birstal  Tram- 
way, IN  Section  and  Plan 447  to  450 

295,  Tramway  Locomotive,  by  Merryweather  &  Sons,  for  the 

Stoke-on-Trent  and  District  Tramways        .        .        -455 


•  ■  • 


LIST  OF  ILLUSTRATIONS.  XXXIU 

FIG.  PAGB 

296.  Trauway  Locomotive,  by  Hughes's  •  Locomotive  Company, 

FOR  THE  Southern  Tramways  of  Paris       .       •       .    459 

297.  Hughes's  Tramway  Locomotive,  Feedwater  Heater  .        .    460 

298.  Tramway  Locomotive,  by  Kitson  &  Co.,  for  the  Birmino- 

HAM  Central  Tramways 469 

299  to  301.  Guinness's  Brewery  (Dublin)  Tramway  Locomotive     474 

302.  Do.       do.    Tramway  Locomotive,  by  Mr.  Geoghegan     .    475 

303.  Horwich  Locomotive  Works  Tramway  Shunting  Engine, 

by  Mr.  Aspinall 477 

304.  305.  BissELL  Bogie  Steam  Car,  by  Mr.  E.  PERRErr  .  479,  480 
306.  Stfj^k  Car,  by  Mr.  £.  Perrett,  for   the  Dublin  and 

LucAN  Tramway 481 

J07  to  309.  Double  Bogie  Steam  Car,  by  Mr.  A.  Brown     *    484,  485 

310.  Tramway  Locomotive,  by  IiIessrs.  R.  &  W.  Hawthorn      •    488 

311.  Double  Bogie  Steam  Car,  by  Mr.  W.  R.  Rowan  .  •  489 
312, 313.  Francq  &  Mesnard's  Fireless  Locomotive  .       .       .512 

314.  Cable  Tramways,  San  Francisco  :  Section  of  Way,  Tube, 

and  Grifper •    530 

315.  Do.    do.     Disposition  of  Tube,  Dummy  Car  and  Gripper    531 

316.  Edinburgh    Northern  Cable   Tramways:    Gradient   of 

Trinity  Route    ....    533 

317.  Do.  DO.  Gradient  of  Stockbridge  Route  534 
318, 319.  Do.  do.  Sections  of  Way  .  .  .  «  535 
320, 321.  Do.  do.  Details  of  Pulleys,  &c.  .  536,  537 
322, 323.  Do.              do.  Terminal   Pits   and   Diverting 

Pulleys        ....     53^,539 

324.  Do.  do*  Details  of  Gripper      .        .       •    540 

325.  Birmingham  Cable  Tramway:  Plan  of  Terminus    «       .    543 

326.  -Do.-  -  DO..  Terminal. Pulley  and  Pit  .  .  544 
327  to  329.  Do.  DO.       Pulleys  and  Pulley  Pit  at  Hockley 

545»  546 
330.    .        Do.  DO.       Engine  House  and  Tensional  Gear    547 

33i>  332.      Do.  do.       Engine  and  Driving  Gear      .    548, 549 

333*  Do. .  do.        Rope-driving  Pulley       .        .       .    550 

334*  .  .Do. .  ;  DO.  Type  Section  of  Way  .  .  .  550 
335*336.      Do.  DO.       Details  of  Gripper  .       •    552 

337  to  3394  (Plates  V.,  VI.)  Cable  Route  of  the  London  Tram- 
ways :  Elevations  and  Plan  of  Streatham  Depot  facing  554 

C 


X3tXlV  I,1ST  OF  ILLUSTRATIONS. 

FIO.  PACK 

340.  Electric  Traction  (Overhead  Conductor  System)  :  Rela- 

tion OF.  the  Cars  to  the  Circuit 562 

341.  Bessbrook  and  Newry  Electrical  Tramway:  Passenger 

Cars 569 

342.  City  and  South  London  Railway  :  Trans\^rse  Section  of 

Tunnel 586 

343.  .  Do.       do.    Boiler-house  and  Engine-house  at  Gene- 

rator Station 587 

344.  Do.       DO.    Sectional  View  of  Locomotive,  showing 

Motors 590 

345.  Do.       DO.    Perspective  View  of  Locomotive                .  591 
347.  Florence  and  Fibsole  Electric  Railway:   Section  of 

Boiler 600 

346.  (Plate  VII.)  Florence  .  and  Fiesole  Electric  Railway  : 

.  Plan  of  Electric  Works  at  St.  Gervasio      .       facing  600 

.    „  600 

.    ,,  600 

.    „  600 

.    „  600 

.  601 

.  602 

.  602 


348.  Do.  DO.    Engine  and  Dynamo 

349.  Do.  DO.    Suspension  of  Columns 

350.  .        .    Do.  do.    Elevation  of  Car    . 
551.                 Do.  DO.    Plan  of  Car 
352, 353.         Do.           DO.    Trolley  Pole     . 

354.  Do.  Do.    Gearing  of  the  Motor 

355.  Do.  Do.    Regulator  of  Car  . 

356.  Liverpool  Overhead  Railway:    Section  of  Conductor 

Crossing 606 

357.  Do.    Do.    Bogie  with  Armature,  Transverse  Sf.ction    607 

358.  359.  (Plate  yni.)  Do.    DO.    Elevation  and  Plan  of  Gene- 

rating Station    .        .  facing  608 
360, 361.    Do.       Do.    Elevation  and  Plan   of  Bogie,  with 

Armature 612 

362.  Thomson-Houston  System:  Dlagram  Showing  Electric 

Connections  of  the  Rails 617 

363.  Pole  used  for  Overhead  Installation  .618 

364.  (Plate  IX.)   Thomson-Houston  System  .of  Trolley- Wire 

Suspension  .       •      facing    618 

365.  Do.  Do.  Details 619 

366.  Section  of  Top  of  Steel  Pole 619 

367.  368.  "  Frogs  "  for  Diverting  Trolley  Wheels  .       ...    620 
369.  Single-Reduction  Motor  for  Car        .....    620 


LIST  OF  ILLUSTRATIONS.  XXXV 

nc.  PAOB 

370.  Sihgle-Reduction  Motor,  Details 621 

371.  Rheostat  for  Regulating  Speed 621 

372.  Controller-stand 622 

373.  Trolley 623 

374-  Sketch  Plan  of  Station  and  Car  Shed  of  Roundhay 

Electric  Tramway 624 

375.  Thomson-Houston  Dynamo 625 

376, 377.  Mr.    Dickinson's    System    of    Electric     Traction  : 

Switch,  in  Plan  and  Section 631 

37S>  379-  Pole  for  Overhead  Installation,  with  Details       .  .  632 

380.  Single-reduction  Motors  for  Cars  :  Elevation                .  633 

381.  Do.                        do.                    Plan         .               .  633 

382.  Car  in  Section,  Showing  Trolley-Conductor  .  .  635 
383, 384.  Details  of  Trolley  Pole  and  Standard  .  .  636 
385,386.          Do.       Trolley  Pole 637 

387.  Plan  of  Car,  Showing  Various  Positions  of  Trolley  Pole  639 

388.  Location  of  the  Neversink  Mountain  Electric  Railroad  642 
389, 390.  (Plate   X.)  Plan,   Elevation,  and   Right-side   View 

of  the  Turbine  Plant  of  the  Neversink  Mountain 

Railroad         .        .  /facing  644 

391.  (Plate  XI.)  Arrangement  of  the  Wiring  of  the  Neversink 

Mountain  Electric  Railroad       ....      facing  644 
392, 393.  (Plate  XII.)  Points  and  Crossings  :  Passing-place 

AND  Triangle  Junction      .  facing  664 

394,395.   ^^'        ^^'    Single  AND  Double  Crossover  Road       „  664 

396.          Do.       do.    Section  of  Open  Point               .           „  664 

397i398.   Do.        do.    Miller's  Movable  Chilled  Points       „  664 

399.  Do.        do.    Miller's     Chilled    Crossing    for 

Junction    with    Channel 

and  Rail          ...           „  664 

400.  Do.        do.    Miller's    Chilled    Crossing    for 

Connection   with   Girder 

Rail          .       .        .       •           „  664 

401  to  403.  Do.  DO.  Built-up  Fixed  Points  .  „  664 
404,405.   Do.        do.    Cross-Sections  of  Built-up  Fixed 

Points      ....           „  664 

406407.    Do.        do.    Movable  Points  ma pE  up  from  Rail      „  664 

408.          Do.        no.       do.    Built-up  Crossing    •       •           „  664 


LIST   OF    PLATES. 


FACING 
PLATR  rAGK 

I.  (Figs.  230  to  23s).  Inside-and-Outside  Passenger  Cae,  by 
THE  Metropolitan  Railway  Carriage  and  Waggon 
Company 360 

II.  (Figs.  243  to  247).  Inside  Passenger  Car,  by  the  Starbuck 

Car  and  Waggon  Company 370 

III.  (Figs.  249,  250).  Inside-and-Outside   Passenger   Car,  for 

Steam  Traction,  by  the  Faix:on  Engine  and  Car  Works    372 

IV.  (Figs.  255,  256).  Inside-and-Outside  Passenger  Car  ok  the 

COMPAGNIE   GfiNgRALE  DES   OMNIBUS,   OF   PARIS  .  .      380 

V.  (Figs.  337,  338).  Brixton  Cable  Route  of  the  London 
Tramways  :  Sectional  and  Front  Elevation  of 
Streatham  Depot 554 

VI.  (Fig.  339).  Do.    DO.    Plan  of  the  Streatham  Dep6t        .    554 

VII.  (Figs.  346,  348  to  351).  Florence  and  Fiesole  Electrical 
Railway:  Plan  of  Works  at  St.  Gervasio;  Plans 
and  Elevations  of  Engine  and  Dynamo  and  Car      .    600 

VIII.  (Figs.  358,  359).  Liverpool  Overhead  Railway  :  Eleva- 
tion AND  Plan  of  Generating  Station         .  .    608 
IX.  (Fig.  364).    Thomson-Houston  System  of   Trolley   Wire 

Suspension biS 

X.  (Figs  389,  390).  The  Neversink  Mountain  Electric 
Railroad  :  Plan,  Elevation,  and  Right-side  View 
OF  THE  Turbine  Plant 644 

XI.  (Fig.  391).      Do.     DO,     Arrangement  of  the  Wiring    .    644 

XII.  (Figs.  392  to  408).  Points  and  Crossings     ....    664 


TRAMWAYS. 


PART  I. 
ORIGIN   AND  PROGRESS  of   TRAMWAYS. 


CHAPTER  I. 

INTRODUCTION  OF  TRAMWAYS, 

A  TRAM,  according  to  Nuttall,  is  the  shaft  ot  a  cart  or  a  carriage. 
It  is  also  a  local  name  tor  a  coal-wagon,  whence  is  derived  the 
compound  word  "tramway"  or  "tramroad" — a  road  laid  with 
narrow  tracks  of  wood,  stone,  or  iron,  for  trams  or  wagons. 

In  France,  tramways  were  officially  known  as  "  horse  railways  " 
(?w<fjr  ferrees  a  traction  de  chevaux).  By  the  public  they  were 
known  ais  "  American  railways  "  {chemins  de  fer  Americains,  or 
simply  fAmSrtcain).  Finally,  the  English  word  "  tramway  "  has 
become  universally  adopted  in  France.   . 

A  tramway,  in  the  modem  sense  of  the  word,  is  a  street  railway, 
or  a  road  railway,  forming  part  of  the  roadway ;  such  that  the 
traffic  of  the  street  or  the  road,  unaffected  by  the  tramways  is  free 
to  circulate.  It  follows,  as  the  principal  condition  of  such  free 
circulation,  that  the  surface  of  the  rails,  whilst  they  are  adapted  fcr 
carr^-ing  flanged  wheels,  should  be  at  the  level  of  the  carriage-way. 

Tramways,  for  facilitating  heavy  continuous  traffic,  were,  as  may 
be  imagined,  more  desirable  in  the  days  of  no  roads,  or  bad  roads, 
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2  ORIGIN  AND  PROGRESS  OF  TRAMWAYS. 

than  they  are  even  now.  They  were  laid,  more  than  two  hundred 
years  ago,  in  the  mineral  districts  of  England,  when  coal  was 
rapidly  supplanting  wood  as  fuel,  for  the  conveyance  of  coal  to 
the  sea-coast  for  shipment.  The  difficulty  of  keeping  the  roads  in 
repair — leading  from  coal-mines — may  easily  be  conceived.  Some- 
thing of  the  condition  of  roads  in  the  ante-macadam  period  may  be 
witnessed  to-day  in  the  earth-roads  of  Egypt  These,  after  a  heavy 
fall  of  rain,  become  seas  of  mud,  and  constitute  formidable  impedi- 
ments to  circulation,  instead  of  facilitating  it.   Our  forefathers  were 


Fig.  I.    Early  timber  iramways.     Scale,  yV. 

led  to  lay  planks  or  timbers  at  the  bottoms  of  the  nits,  as  a  better 
contrivance  than  filling  in  stones.  The  inconvenience  of  the 
ruts,  again,  led  to  placing  planks  or  rails  of  timber  on  the  level 
surface.  In  1676,  tramways  consisted  of  rails  of  timber  laid  "  from 
the  colliery  to  the  river,  exactly  straight  and  parallel." 

The  rails,  originally,  were  formed  of  scantlings  of  good  sound  oak, 
and  were  connected  by  sills  or  cross-timbers  of  the  same  material, 
pinned  together  with  oak  trenails,  as  shown  in  Fig.  i.     The  rails 


Fig.  2.     Early  limber  tramways,  with  double  rails.     Scale,  -^V* 

were  4  inches  deep  and  4  or  5  inches  wide,  laid  parallel,  3  or  4  feet 
apart,  in  lengths  of  6  feet  The  cross-sleepers  were  6  feet  long 
by  4  or  5  inches  deep  and  5  inches  wide,  laid  about  2  feet  apart 
between  centres.  The  rapid  abrasion  and  wear  of  the  rails,  in 
consequence  of  the  coarse  construction  of  the  wheels  and  the  wear 
of  the  sleepers  by  the  action  of  the  horses'  feet,  led  to  the  placing 
of  an  additional  rail,  Fig.  2,  upon  the  first  rail.    This  second  rail 
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became  the  wearing  piece,  and  could  be  renewed  with  facility ; 
whilst  the  increased  depth  afforded  by  it  admitted  of  the  covering 
of  the  sleepers  by  the  soil,  and  their  protection  from  the  horses* 
feet  The  wearing  rails  were  of  hard  wood — beech  or  sycamore — 
6  feet  long  by  from  4  to  6  inches  deep.  The  under  rails  of  the 
double  way,  at  first  made  of  oak,  were  subsequently  made  of  fir. 

It  became  a  common  practice  to  nail  down  bars  of  wrought  iron 
on  the  surface  of  the  ascending  inclines  of  the  road,  where  the 
draught  was  increased,  in  consequence  of  the  greater  wear  of  the 
^ber.  These  bars,  or  rails,  were  about  2  inches  wide,  and  \  inch 
thick,  and  fastened  to  the  wood  rails  by  nails  having  countersunk 
heads.  But  the  iron  bars,  not  being  stiflF  enough,  were  consider- 
ably bent  when  the  trucks  were  loaded,  and  the  resistance,  accord- 
ii^  to  Mr.  Wood,  was  reduced  but  slightly  below  that  of  a  well- 
constructed  double  wooden  railway. 

Nevertheless,  a  marked  improvement  in  the  performance  ot  the 
draught  horses  followed  upon  the  establishment  of  the  tramway. 
The  regular  load  of  coals  for  one  horse,  on  the  common  road, 
amounted  to  8  bolls  or  17  cwt.,  whilst,  upon  the  tramway,  the 
horse  could  regularly  take  a  load  of  19  bolls  or  42  cwt.  of  coal. 

Cast  iron  was  first  tried  incidentally,  as  a  material  for  rails,  in 
1767,  by  the  Coalbrookedale  Iron  Company,  who  determined  to 
protect  their  oak  rails  with  cast  iron,  not  altogether  as  a  necessary 
expedient  of  improvement,  says  Mr.  Hornblower,  writing  in  1809, 
"but  in  part  as  a  well-digested  measure  of  economy  in  support  of 
their  trade.  From  some  adventitious  circumstances,  the  price  of 
pigs  became  very  low :  and  their  works  being  of  great  extent,  in 
order  to  keep  the  furnaces  in,  they  thought  it  would  be  the  best 
means  of  stocking  their  pigs  to  lay  them  on  the  wooden  railways, 
as  it  would  help  to  pay  the  interest  by  reducing  the  repairs  of  the 
rails ;  and  if  iron  should  take  any  sudden  rise,  there  was  nothing 
to  do  but  to  take  them  up  and  to  send  them  away  as  pigs."  * 

The  iron  rails  were  cast  in  lengths  of  5  feet,  4  inches  wide,  and 
\\  mches  thick,  as  in  Fig.  3,  formed  with  three  holes,  through 

*  Observations  by  Mr.  Hornblower,  in  the  Appendix  to  the  Third 
Report  of  the  Committee  on  Highways,  1809. 
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4  ORIGIN  AND  PROGRESS  OF  TRAMWA  YS. 

which  they  were  fastened  to  ihe  oak  rails ;  "  and  very  complete  it 
was,  both  in  design  and  in  execution." 

The  tramway  was  developed  into  the  railway  by  the  employment 
of  flange  rails  and  edge  rails  of  cast  iron  and  of  wrought  iron, 
designedly  elevated  above  the  surface  of  the  ground,  upon  new- 
tracks  laid  out  specifically  for  the  formation  of  railways.     But  a 


Fig.  3.     Cait-iron  Iram-iails,  by  the  Colebrookcdale  Iron  Compaoy. 
Scale  Vt- 

reaction  set  in  when  it  was  found  that  railways  wanted  the 
needful  adaptability  to  follow  out  the  subordinate  lines  of  traffic 
which  occupied  roads  and  streets.  The  convenient  and  unpre- 
tentious tramway  was  revived,  and  laid  in  streets  and  common 
roads,  for  the  conveyance  of  passengers  on  the  omnibus  system. 
The  revivals  have,  for  the  most  part,  been,  like  the  primitive 
tramways,  worked  by  horses.     Nevertheless,  in  view  of  the  success 
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of  the  tramway  system,  as  a  mechanical  fact,  it  may  be  expected 
that  mechanical  power  will  be  generally  substituted  for  horses. 

The  modem  tramway  was  first  employed  in  the  United  States, 
where  it  was  urgently  wanted,  in  consequence  of  the  inferior  con- 
dition of  the  streets  and  roads  of  the  large  cities.  The  first 
American  tramway  was  the  New  York  and  Haarlem  line,  of  which 
the  first  section,  laid  in  the  main  thoroughfares  to  a  gauge  of 
4  feet  8 J  inches,  was  opened  in  1832.  But  it  was  unpopular, 
and  was  for  a  time  suppressed.  Tramways,  nevertheless,  were 
revived  in  the  same  city  about  the  year  1852  by  the  instru- 
mentality of  M.  Loftbat,  a  French  engineer,  who  recommended 
and  laid  down  a  tramway,  consisting  of  rolled  wrought-iron  rails, 
laid  upon  wooden  sleepers.  The  rails  were  constructed  with  a 
groove  in  the  upper  surface  to  guide  the  wheels  of  the  cars, 
which  were  made  with  flanges,  Hke  those  of  railway  carriages  and 
wagons.* 

Tramways  were  rapidly  multiplied  in  New  York,  which  owes 
much  of  its  development  to  the  tramways,  the  traffic  upon  which  was 
of  much  more  importance  than  that  of  the  light  wheeled  vehicles 
used  for  ordinary  circulation.  Otherwise,  the  rails,  which  were 
formed  with  wide,  gulf-like  grooves,  would  not  have  been  tolerated 
in  the  streets.  The  tramway  afforded  incalculable  advantages, 
and  it  became  an  indispensable  feature  in  the  principal  cities  of 
the  United  States.  The  long  distances  to  be  traversed,  the 
generally  bad  condition  of  the  streets  and  roads,  and  the  com- 
parative scarcity  of  other  vehicles,  formed  a  combination  of 
circumstances  which  forced  the  tramway-car  into  general  use  by 
all  classes. 

Habits  were  formed,  and  the  irregularities  of  rails  and  roads 
were  of  less  importance  than  they  had  been  felt  to  be  in  Britain. 
The  annexed  sectional  illustrations.  Figs.  4  to  9,  show  the  fearless 
manner  in  which  the  New  York  tram-rails  were  proportioned, 
combining  obnoxious  grooves  with  massive  sections.  An  unso- 
phisticated observer,  struck  by  the  proportions  of  these  rails  with 

•  The  rails  laid  by  M.  Lodbat,  in  Paris,  hereafter  noticed,  were 
similar  to  those  laid  by  him  in  America. 
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the  portentous  grooves,  described  them  as   "rails  which  have 
a  sort  of  iron  gutter  attached  to  each  on  their  inside  edge."* 
Mr.  Charles  L.  Light,  an  English  engineer,  properly  conceiving 

New  Yore  TraU'Rails.     Scale,  \  full  size. 


Fig.  €.    Kev  Yoik,  Second  Avenue. 


•  Letter  of  Mr.  Longley,  quoted  by  Mr.  Beresford  Hope,  in  his 
evidence  before  the  Select  Committee  on  Tramways,  1872.    Mr.  Peel, 
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that  the  great  groove,  or  "  gutter,"  in  the  New  York  rails  was  a 
g real  nuisance,  devised  and  laid,  in  1856 — 57,3  less  iDCommodiotis 

New  Yohk  TftAM-RAris.     Scale,  J  full  sitf. 


.1  member  of  the  Committee,  struck  by  the  originality  of  the  notion  of 
a  "gutter"  alongside  the  rail,  naturally  inquired  of  Mr.  Hope, — 

"In  comparing  the  New  York  system  with  that  adopted  in  London, 
you  spoke  of  an  iron  ^tter  as  being  a  feature  of  the  system  ?  " 

Atts.  ■'My  correspondent  is  Mr.  Longley,  son  of  the  late  Arch- 
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tram-rail  in  the  streets  of  Boston,  U.S.,  in  which  the  depth  of  the 
groove  was  limited  to  \  inch,  whilst  the  inner  side  of  the  groove 
was  carried  up  with  a  fiat  slope,  so  formed  that  mud  or  small  stones 
could  be  ihe  more  easily  pushed  away  by  the  flanges  of  the  car 
wheels.  The  groove  was  not  so  deep,  and  not  so  damaging  to  the 
wheels  ol  ordinary  vehicles,  as  the  grooves  of  the  New  York  rails. 


m  rail,  Boston,  U.S.,  bv  Mr.  C.  L.  Light.     Scale  ! 


bishop,  who  is  very  well  known,  and  who  happened  lo  bo  in  New  York 
last  year.  I  do  not  know  whether  you  wish  to  challenge  the  social 
condition  of  my  New  York  correspondent  ?" 

"  Not  by  any  means.  But,  as  I  understand,  the  iron  gutter  is  not 
at  all  used  in  the  English  system  ?  " 

Arts.  "  I  do  not  suppose  that  any  witness  has  contended  that  it  is." 
"  But  when  you  say  that  the  New  York  system  is  characterized  by 
iron  gutters,  and  is  therefore  disadvantageous  to  the  public,  what  is 
the  inference  you  wish  the  Commiiiee  to  draw  ?  " 

A  Its.  "  That  the  New  York  system  has  one  more  element  of  incon- 
venience in  it  than  the  English  system." 

As  Mr.  Hope  himself  said  in  his  next  answer,  such  sort  of  evidence 
is  "a  mere  red-herring,  very  unfair  and  very  untrue.''  Of  such  is 
history  made. 

Here  is  another  bit  of  Mr.  Hope's  evidence:  "Omnibuses,  dan- 
gerous and  disagreeable  as  they  are,  move  in  and  out;  while  a 
tramway  cannot  move  in  and  out.  .  ,  .  Mr.  Train  ran  one  of  his 
lines,  and  had  a  station  for  his  omnibuses  under  my  window,  and 
the  noise,  and  the  hallooing,  and  the  row  that  went  on  was  a  great 
inconvenience,  certainly."     Such  evidence  was  unanswerable. 
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The  rails,  Fig.  i  o,  were  of  cast  iron,  in  lengths  of  6  feet  and  8  feet, 
weighing  75  lbs,  per  yard.  The  ends  of  the  rails  were  formed 
with  dowels  and  cores  placed  diagonally,  which,  being  interlocked, 
were  designed  to  maintain  the  ends  of  the  lengths  of  rail  at  one 
level.  These  rails,  after  several  years'  working,  were  replaced  by 
rails  of  wrought  iron. 

In  order  to  mitigate  the  inconveniences  of  the  New  York  sections 
of  tram-rail,  a  different  sort  of  rail,  Fig.  11,  from  which  the 
groove  was  banished,  though  a  ridge  remained,  was  introduced 
in  Philadelphia,  and  laid  in  Fifth  and  Sixth  Streets,  where  it  gave 
satisfaction.  It  consisted  of  a  flat  plate,  5  inches  wide,  formed 
with  a  raised  ledge  or  step  at  one  edge,  standing  J  inch  above 
the  surface  of  the  plate,  without  any  groove.     The  plate  was 
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formed  -A-iih  a  ledge  or  fillet  at  each  side  below,  let  into  corre- 
sponding rebates  in  the  upper  comers  of  the  sleepers,  which  were 
of  wood.  The  weight  was  46  lbs.  per  yard.  The  gauge  was  fixed 
at  5  feet  z  inches  between  the  ledges  to  suit  the  wheels  of  ordinary 
vehicles,  which  could  run  on  the  lower  flat  surfaces.  The  type  of 
tramway  thus  settled  for  Philadelphia  in  1855,  is  shown  in  Figs. 
n  and  13. 

The  rails  were  laid  on  longitudinal  sleepers  of  yellow  pine, 
5  inches  wide  and  7  inches  deep,  bolted  down  upon  transverse 
sleepers,  6  inches  wide  and  5  inches  deep,  with  iron  knees  to 
mamtain  the  rails  in  gauge. 

Following  the  princ^le  of  the  Philadelphia  rail,  but  adopting  a 
ffreater  width — 8  inches — a  similar  rail,  Fig.  14,  was  introduced 
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in  New  York  previous  to  i860.     It  was  better  adapted  for  taking 
the  wheels  of  ordinary  vehicles,  which  varied  considerably  in 
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Figs.  12  and  13.    Philadelphia  Tramways.     Scale  •^^, 

gauge,  whilst  new  vehicles  of  the  ordinary  kinds  were  made  to  fit 
the  tramway. 

But  the  wide  tram-plate  or  step-rail  incurs  the  objection  that  it 
does  not  afford  a  good  foothold  for  horses,  whether  harnessed  to 
tramcars  or  to  ordinary  vehicles.     There  is,  besides,  the  general 
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objection  to  the  step  form  of  the  surface,  in  which,  though  the 
rise  may  never  exceed  an  inch,  the  elevation  is  sufficient  to  cause 
a  considerable  degree  of  inconvenience  to  vehicles  crossing  the 
rails  in  an  oblique  direction  in  straining  the  wheels  and  the  axles. 
The  step-rail  possesses,  on  the  contrary,  the  advantage  over  the 
grooved  rail  that  the  flange  of  the  car-wheel  is  always  free,  as 
iherc  is  no  groove  for  the  lodgment  of  obstructive  pebbles  and 
mud,  whilst  there  is  nothing  to  scire  the  wheels  of  ordinary 
vehicles. 

The  step-rail  is  in  general  use  in  the  principal  cities  of  the 
United  States,  where  probably  there  is  less  of  the  light  cab  and 
omnibus  traffic  than  what  prevails  in  English  cities  and  towns 
exposed  to  the  action  of  the  obnoxious  step. 


Fig.  14.    New  York  step-tail.     Scale  \. 

Tramways  have  been  widely  extended  in  the  chief  cities  of  the 
Union.  The  gauge  of  tramways  adopted,  for  the  most  part,  in  the 
United  States  is  4  feet  8^  inches. 

The  tramway  system  of  Buenos  Ayres,  the  principal  city  of  the 
Argentine  Republic,  is  a  conspicuous  example  of  the  beneficial 
adoption  of  tramways  in  towns.  There  were,  in  1872,  in  opera- 
tion or  in  course  of  construction  about  70  miles  of  tramway  in 
that  dty,  a  greater  mileage  probably  in  proportion  to  the  size  of 
the  place — which  contains  200,000  inhabitants — than  has  been 
laid  in  any  other  city  in  the  world.  The  extraordinary  develop- 
ment of  the  system  there  is  attributable  in  a  great  measure  to  the 
comfort,  the  cheapness,  and  the  rapidity  of  tramway  locomotion 
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compared  with  the  previously  existing  means  of  conveyance  in 
carriages  or  omnibuses  over  a  very  rough  kind  of  paving.  The 
city  is  built,  Hke  the  towns  and  cities  of  the  United  States,  in 
square  blocks,  the  streets  being  straight,  parallel,  and  at  right 
angles.  Almost  every  street  has  its  line  of  tramway,  laid  for 
the  most  part  on  Livesey's  system,  afterwards  described.  The 
principal  lines  are  known  as  the  City,  the  Billinghurst  (now  the 
Argentine),  the  Lacroze,  the  National,  the  Mendez,  and  the 
Southern  Tramways.  One  particular  feature  which  added  to  the 
cost  of  working  these  tramways  was  the  necessity,  some  years  ago, 
for  having  "  trumpeters  " — men  on  horseback  who  ride  in  advance 
of  the  cars  each  blowing  a  trumpet — to  warn  off  carts  and  other 
vehicles  from  the  track,  as  well  as  to  prevent  collisions  at  the 
intersections  of  the  streets,  and,  further,  to  assist  in  dragging  out 
of  the  way  any  heavily  laden  or  broken-down  vehicle  obstructing 
the  line.* 

The  modem  tramway  was  introduced  in  England  by  Mr.  G.  F. 
Train,  who,  in  1857,  made  proposals  for  laying  tramways  on  the 
system  originated  in  Philadelphia  in  some  of  the  Metropolitan 
thoroughfares  and  in  a  few  provincial  towns.  Mr.  Train  asso- 
ciated with  himself  Mr.  James  Samuel,  C.E.,  but  they  failed  in 
their  object  of  obtaining  an  Act  of  Parliament,  which  was  applied 
for  in  1858,  mainly  through  the  opposition  of  Sir  Benjamin  Hall, 
Chief  Commissioner  of  Works.  "  It  was  utterly  impossible,"  he 
said,  "  that  the  iron  rails  or  plates  upon  which  the  carriages  were 
to  run  could  be  laid  on  macadamised  roads,  for  instance,  with  a 
certainty  of  always  being  kept  oh  precisely  the  same  level  as  the 
road  ;  and  carriages  running  diagonally  against  the  plate  would 
be  subjected  to  have  their  wheels  torn  off,  and  most  serious  acci- 
dents would  result  whatever  precautions  might  be  taken.  Even 
the  weather  would  at  times  effect  this."  t 

'*  Sir  Benjamin  Hall,"  said  Mr.  Train,  "  did  not  meet  the  argu- 
ments of  Mr.  Samuel  except  by  prejudice.     Arguing  against  facts 

•  Engineering,  May  17,  1872,  page  332. 
t  Observer y  February  21,  1858. 
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is  difficult,  and  over-riding  stubborn  truths  impossible."  Sir 
Benjamin,  nevertheless,  was  proved  to  be  in  the  right. 

In  default  of  better  authority,  Mr.  Train,  in  March,  i860, 
applied  for,  and  in  May  of  the  same  year  obtained,  permission 
from  the  Commissioners  of  Birkenhead  to  lay  down  his  tramway 
in  this  town.     In  April  he  patented  his  system. 

"  The  egg,"  Mr.  Train  said,  "  will  shortly  be  chipped  in  this 
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country  under  my  patent,  at  great  cost  and  labour,  and  I  shall 
endeavour  to  prevent  my  chicken  (as  is  too  frequently  the  case 
with  valuable  inventions)  from  becoming  somebody  else's  hen." 

So,  the  first  of  his  lines  was  laid  in  the  macadamised  roads  of 
Birkenhead,  and  was  opened  on  August  30,  i860,  within  five 
months  after  the  application  for  leave  was  made.  It  is  illus- 
trated by  Figs.  15  and  16.     It  has  rolled  wrought-iron  step-raih. 


Fig.  16.    Mr.  G.  F.  Train's  tiamway  at  Birkenhead  :   Seciion  of  rail. 
Scale  \. 

weighing  about  50  lbs.  per  yard,  laid  to  a  gauge  of  4  feet  SJ  inches. 
The  rails  were  6  inches  wide  and  -^u-ths  of  an  inch  thick  in  the 
sole,  with  a  step  rising  \  inch  above  the  sole,  and  a  fillet  at 
each  edge  on  the  lower  side.  They  were  bedded  on  and  spiked 
to  longitudinal  timber  sleepers,  6  inches  wide  and  8  inches  deep, 
which  were  let  into  and  rested  on  transverse  sleepers,  and  were 
spiked  to  them  with  one  iron  knee  to  each. 
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Short  lines,  similarly,  were,  by  the  pennission  ot  the  local 
authorities,  laid  down  in  London  by  Mr.  Train  and  his  friends 
in  1861 ;  in  Bayswater  Road,  between  the  Marble  Arch  and 
Notting  Hill  Gate;  in  Westminster,  from  the  Palace  Hotel  to 
Victoria  Station;  and  in  Kennington  Road,  from  Westminster 
Bridge  to  Kennington  Park.  In  1863  a  line  i  J  miles  in  length 
was  laid  by  Mr.  Train  and  opened  in  the  Potteries  District  for 
the  Staffordshire  Potteries  Street  Railway  Company,  between 
Burslem  and  Hanley. 

After  a  brief  experience  of  the  inconvenience  of  the  step-rail, 
Mr.  Train's  lines  laid  in  London  were  removed,  whilst  the  Birken- 
head Tramway  and  the  Potteries  Tramway  were  only  saved  from 
extinction  by  the  timely  substitution  of  flat  grooved  rails  for  the 
step-rails.  The  grooves  in  the  new  rails  were  sufficiently  roomy 
to  afford  free  play  for  the  flanges  of  the  wheels,  at  the  same  time 
that  they  were  sufficiently  narrow  to  prevent  the  wheels  of  common 
road  vehicles  from  entering  them. 

Our  streets  and  roads  being  in  comparatively  good  condition, 
with  cabs  and  omnibuses  in  common  use,  great  numbers  of  which 
were  available  for  general  circulation  at  reasonable  fares,  the  need 
for  tramway  accommodation  was  less  urgent  in  England  than  else- 
where. The  advocates  of  tramways,  discouraged  by  the  sensa- 
tional failures,  retired  for  a  time.  Mr.  Beresford  Hope  said,  **  I 
have  often  been  button-holed  in  society  about  it,  and  I  should 
say  that  the  general  population  of  London  look  upon  the  exten- 
sion of  tramways  with  dislike  and  apprehension." 

In  fine,  the  career  of  the  step-rail  tramway  was  ended.  How- 
ever it  may  have  been  tolerated  in  America,  it  was  hated  in 
England;  and  only  after  an  interval  of  some  years — in  1865  and 
1866 — ^was  the  movement  for  the  construction  of  tramways 
revived. 

It  may  be  noted  that,  obviating  the  vice  of  the  step-rail, 
flat  rails  were  laid  in  Salford,  on  Mr.  John  Haworth's  system, 
about  the  year  1862,  consisting  of  two  parallel  lines  of  smooth 
iron  plates,  4i  inches  wide  and  i  inch  thick,  and  a  central  grooved 
rail,  similar  in  section  to  an  inverted  bridge  rail.     These  rails 


HAWORTH'S   TRAMWAY.  I  5 

were  laid  upon  and  screwed  down  to  longitudinal  timber  sleepers, 
and  finished  flush  with  the  surface  of  the  pavement  Whilst 
the  wheels  of  the  vehicle  rolled  freely  over  the  tram-plates  a 
small  guide-wheel,  having  a  central  flange,  ran  upon  the  central 
rail  The  guide- wheel  was  hung  from  the  front  ol  the  ordinary 
omnibus,  and  was  raised  or  depressed  at  will  by  the  driver.  This 
triple-rail  system,  known  as  the  "on-and-off""  system,  was  in 
operation  for  upwards  of  eight  years  ;  but  it  was  too  weak,  inso- 
much as  it  worked  loose  at  the  joints,  and  the  ends  occasionally 
opened  up,  making  dangerous  footing  for  the  horses.  Besides,  it 
was  open  to  the  objection  of  slipperiness,  and  eventually  the 
episodical  tramway  was  removed. 


CHAPTER  II. 

MODERN  TRAMWAYS  IN  THE  UNITED  KINGDOM. 

In  November,  1865,  a  show  piece  of  tramway,  six  yards  in 
length,  was  laid  in  Castle  Street,  Liverpool,  with  the  crescent  rail, 
3  inches  wide,  weighing  18  lbs.  per  yard,  imported  from  America, 
laid  as  in  Fig.  17,  on  which  great  expectations  were  based.  The 
crescent  rail,  which  was  certainly  flat  enough  and  unassuming 
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enough,  had  been  employed  in  the  construction  01  tramways  in  the 
United  States,  and,  as  it  lay  perfectly  level  with  the  pavement  of 
the  street,  it  was  hailed  by  its  admirers  as  a  satisfactory  solution  of 
the  problem  of  a  no n -obstructive  street  railway.  The  rails  were 
laid  and  screwed  down  to  longitudinal  bearers,  which  rested  on 
cross-sleepers.     A  small  groove,  or  slot  opening,  was  left  in  the 
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pavement  to  clear  the  flanges  of  the  wheels.  The  provision  thus 
made  for  clearing  wheel  flanges  was  insufficient,  and  it  was  neces- 
sary in  practice  to  employ  special  appliances  for  sweeping  the 
groove  clear  of  obstructive  matter,  whilst  the  tractional  resistance 
must  have  frequently  been  excessive.  Besides,  the  unprotected 
edges  of  the  paving  were  liable  to  breakage.  The  system  was 
finally  abandoned,  though  it  formed  part  of  the  original  scheme  of 
the  Liverpool  tramways ;  and  the  sample  line  did  good  service  in 
allaying  the  apprehensions  of  the  timid,  and  in  silencing  the 
objections  of  the  fastidious.  The  sample  piece  was  removed  after 
it  had  laid  four  years  in  Castle  Street. 

The  type  of  rail  finally  adopted  for  the  first  Liverpool  tramways 
was  formed  with  a  flat  level  surface,  having  a  narrow  groove  to 
receive  and  guide  the  wheel  flanges. 

In  1866  and  1867  application  was  made  to  Parliament  for 
power  to  construct  a  system  of  tramways  in  Liverpool,  for  which 
aaAct  was  obtained  in  1868.  This  was  the  first  English  system 
of  tramways  for  passenger  traffic  that  was  authorised  by  Act  ot 
Parliament.  The  works  were  constructed  by  Messrs.  Fisher  and 
Parrish,  of  New  York,  under  Mr.  George  Hopkins  as  engineer-in- 
chief,  and  were  conunenced  in  May,  1869.  The  south  line,  from 
the  Exchange  to  Dingle,  3  miles  560  yards  in  length,  was  opened 
on  November  i,  1869.  The  north  line,  fi^om  Old  Haymarket  to 
Spillow  Lane  and  Whitechapel  Street,  2  miles  700  yards  long,  was 
opened  on  September  i,  1870 ;  and  the  line  on  Aigburth  Road, 
which  has  since  been  removed,  i  mile  260  yards  long,  was  opened 
a  year  later,  on  September  i,  187 1.  Thus  the  total  authorised 
length  of  tramway,  or  of  streets  traversed  by  tramways,  amounted 
to  6  miles  1,520  yards,  and  it  was  constructed  in  the  course  of  about 
two  years  and  three  months.  The  length  constructed  was  about 
5j  miles  in  length,  thus  : — 

Miles.         Yards. 

Single  line  .      ' 2  820 

Double  line 3  630 

Total  ....     5         1,450 
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The  system  was  like  a  Catherine  wheel :  it  consisted  of  an  inner 
circle  a  mile  and  quarter  long,  from  which  two  lines  fleiv  off.  The 
inner  circle  is  always  worked  in  one  direction,  and  then  the 
carriages  shoot  off  to  the  north.  There  are  now  {1891)  about  aSJ 
miles  of  tramway  in  Liverpool. 

The  gauge  of  the  Liverpool  tramways  was  determined  to  be 
4  feet  Si  inches — the  same  as  the  national  railway  gauge.  But 
it  was  not  fixed  at  that  width  with  any  view  to  a  possible 
communication  with  railways.  As  a  matter  of  fact  railway 
wagons  cannot  be  run  over  the  ordinary  groove  rails  of  tiam^vays 
laid  to  the  railway  gauge.  The  gauge  of  4  feet  8i  inches  was 
introduced  in  the  Act  because,  when  the  promoters  first  applied  to 
Parliament,  they  were  obliged  to  apply  as  for  a  "  railway,"  since 
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the  word  "  tramway  "  was  not  to  be  found  in  the  standing  orders, 
and  they  were  under  the  necessity  of  accepting  the  only  gauge 
allowed  for  railways. 

The  form  of  the  rails  adopted  in  the  original  construction  of 
the  Liverpool  tramways  was,  as  before  stated,  of  a  flat  grooved 
section,  such  as  had  been  found  to  answer  satisfactorily  at  Birken- 
head, though  narrower,  weighing  40  lbs,  per  yard,  about  1  inch  in 
thickness  and  having  a  sectional  area  of  about  4  square  inches.  Rails 
of  similar  but  larger  section  were  afterwards  employed,  weighing 
45  lbs.  per  yard,  shown  in  Fig.  18.  The  rail  was  little  else  than  a  flat 
bar,  having  a  narrow  and  shallow  groove  in  its  upper  surface,  with  a 
fillet  on  the  lower  side  and  bedded  on  a  longitudinal  sleeper.  The 
rail  was  4  inches  wide  and  i  J  inches  in  thickness.  The  groove  was 
foimetl  with  sloping  sides,  and  was  J  inch  in  depth,  with  a  width  of 
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I  inch  at  the  bottom  and  double  this  width  at  the  surface  of  the 
rail.  The  tread,  or  rolling  surface  for  the  wheels,  had  a  width  of 
about  I  inches,  when  of  course,  the 
inner  edge  of  the  tread  was  at  the 
half-width  of  the  rail ;  whilst  the 
ledge  fonning  the  other  side  of  the 
groove  was  about  J  inch  wide  at 
the  surface,  and  was  corrugated 
transversely  with  a  view  to  prevent- 
ing slipperiness  for  horses.  The 
rails  were  bedded  on  timber  sleepers 
4  inches  wide  and  6  inches  in 
depdi,  and  were  fished  with  J-inch 
WTOught-iron  plates,  ii  inches  long 
and  4  inches  wide,  applied  below 
the  joint,  let  flush  into  the  upper 
side  of  the  sleeper  as  shown  in  Fig. 
10.  The  joint  was  fixed  with  four 
vertical  spikes,  two  to  each  rail, 
driven  through  the  rails  at  the 
bottom  of  thfe  groove,  and  the  fish- 
plate,  into  the  sleeper.  The  rails 
were  also  spiked  at  intervals  to  the 
sleepers.  The  heads  of  the  spikes 
were  countersunk,  and  let  into  the 
rails  to  finish  flush  with  the  bottom 
of  the  groove.  The  combined 
sleeper  and  rail  thus  presented,  for 
the  most  part,  a  vertical  surface  at 
each  side,  against  which  paving 
stones  could  be  closely  and  evenly 
jointed.  The  construction  of  the  way 
is  shown  in  cross  section  by  Fig.  19. 
To  render  the  way  independent  for 

sn^ott,  on   uncert^n   or  unbroken   ground,  the  roadway  was 
excavated  to  a  depth  of  14J  inches  for  the  whole  ^width,  and  a 
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continuous  bed  of  lime  concrete,  7  inches  thick,  was  laid  for  the 
whole  width  of  the  track,  as  a  foundation,  upon  which  the  sleepers 
were  placed.  The  interspaces  between  the  sleepers  were  filled  up 
with  concrete  to  the  right  level  for  supporting  4  inch  cubes.  The 
sleepers  were  laid  in  and  spiked  to  cast-iron  clip-chdrs  (Figs,  20, 
21),  which  were  placed  about  4  feet  apart  longitudinally  and  rested 


Fig.  3 1 .     First  Liverpool  iramn-ay : — Cast-iron  chair  (or  loDgiladinal 
sleeper!,  and  cross  lie-bar.     Scale  \. 

direct  on  a  concrete  foundation.  The  gauge  of  the  rails  was  fixed  by 
bar-iron  cross- ties,  i  J  inches  deep  by  |  inch  thick,  the  ends  of  which 
were  dovetailed  into  grooves  cast  in  the  inner  side  of  the  chairs. 
The  chairs  were  6  wide  inches  at  the  joints  of  the  sleepers,  and 
3  inches  intermediately.  The  roadway  was  nearly  all  of  macadam, 
and  the  materials  for  the  concrete  were  taken  from  the  macadam 
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which  was  lifted  to  make  room  for  the  lime,  riddled,  cleaned,  and 
mixed  mih  blue  lias  lime ;  whilst  the  whole  of  the  surface  between 
the  rails,  and  for  a  width  of  i8  inches  beyond  the  outer  sides  of 
the  rails,  was  paved  with  Welsh  granite  sets :  4-inch  cubes  between 
the  rails,  and  sets  of  6  inches  in  depth  for  the  outer  18-inch 
spaces.  The  outer  width,  18  inches,  was  provided  in  the  Act,  and 
it  defined  the  marginal  boundaries  of  the  breadth  of  roadway  to  be 
maintained  by  the  tramway  company.  That  width  was,  and  is 
now  accepted  as  a  fair  compromise ;  and,  says  Mr.  J.  Morris, 
"  it  does  fairly  represent  the  extent  of  possible  injury  even  which 
the  tramway  can  do  to  the  road,  and  it  is  accepted  universally 
on  the  Continent,  and  almost  universally  in  America,  and  is  the 
recognised  standard."  * 

The  i8-iiich  margin  is  both  necessary  and  sufficient  for  main- 
taining the  stability  of  the  line,  when  it  is  laid  in  a  non-paved  or 
macadamised  street,  and  for  affording  a  foothold  for  the  tram- 
horses  when  they  traverse  the  rails.  "  I  remember,"  says  Mr. 
Hopkins,  "  that  our  first  bills  were  introduced  with  9  inches  only 
outside  the  rails,  but  the  width  was  increased  to  18  inches  in 
Committee."  f 

Where  the  lines  of  tramway  were  double,  in  Liverpool,  they 
were  laid  at  a  clear  distance  apart  of  four  feet  between  the  rails, 
giving  a  "  four-foot,"  corresponding  to  the  "  six-foot "  of  rail- 
ways. 

The  gradients  of  the  Liverpool  lines  of  tramway  are  various. 
Liverpool  is  a  very  hilly  town.  The  maximum  gradient  is  i 
in  19. 

The  practice  initiated  at  Liverpool  has  ruled  the  general  dis- 
positions of  tramways  in  other  parts  of  the  country. 

In  1869,  the  North  Metropolitan  Tramways  Company  was 
authorised  to  lay  tramways  on  the  Whitechapel,  Mile  End,  and 
Bow  Roads ;  and  in  1870  they  were  empowered  to  lay  extensions 
to  Aldgate,  at  the  West-end,  and  to  Stratford,  Leytonstone,  and 
Bromley,  at   the   East-end.     In   187 1,  they  obtained  additional 

♦  Report  of  the  Select  Committee  on  Tramways  Bill,  1870. 
t  /dui. 
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powers  to  lay  tramways  in  the  North  and  East  of  London,  which 
made  a  total  of  30^  miles  of  tramway  authorised  to  that  Company. 
Now,  in  1 89 1,  there  is  a  length  of  4if  miles  of  way. 

In  1869,  also,  Acts  were  passed  for  the  construction  of  the 
Kennington,  Brixton,  and  Clapham  routes,  from  Westminster 
Road,  by  the  Metropolitan  Street  Tramway  Company ;  and  the 
routes  from  Pimlico,  by  Vauxhall,  to  Greenwich,  by  the  Pimlico, 
Peckham,  and  Greenwich  Tramway  Company.  These  two  Com- 
panies were,  by  their  Acts,  empowered  to  construct  and  work 
tramways  in  nearly  all  the  main  metropolitan  thoroughfares  on 
the  south  side  of  the  Thames,  comprising  25  miles  of  streets. 
They  were  amalgamated,  in  the  end  of  1870,  as  the  London 
Tramways  Company.     In  1891,  2  if  miles  of  way  were  open. 

In  1870,  the  London  Street  Tramways  Company  were  authorised 
to  lay  tramways  on  the  north  side  of  London,  from  Lower  Hol- 
loway  to  the  south  end  of  the  Hampstead  Road,  and  from 
Kentish  Town  to  King's  Cross.  In  1891,  13  J  miles  of  way  were 
open. 

In  the  beginning  of  1873, 42  miles  of  tramway  had  been  opened 
in  the  streets  of  the  MetropoUs  ;  the  length  was  increased  to  61 
miles  in  1876,  and  to  130  miles  in  1891. 
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Under  the  stimulus  afforded  by  the  rapid  spread  and  successful 
operation  of  the  several  systems  at  work,  Acts  were  applied  lor 
and  obtained,  authorising  the  laying  of  tramways  in  many  cities 
and  towns  in  the  provinces  : — 


Vear. 

1868. 

1869. 

1870 

187I. 

1872. 

1874 
1875 

1876 

1877 


No.  of  Tramway 
Acts  passed. 

I 


3 
II 

II 

13 
22 

8 

9 
22 


1878 26 


Year. 

1881. 

1882. 

1883. 

1884 

1885  , 

1886 

1887 

1888 

1889. 

1890 


No.  of  Tramway 
Acts  passed. 

32 


43 
25 
30 
21 

19 

19 
20 

18 

2 


1879 
1880 


31 
3Q 


IJ3  years. 


Total  ....  439 


These  columns  show  a  period  of  increasing  activity  in  tramway 
l^islation,  culminating  in  1880 — 82,  followed  by  a  period  of 
decreasing  activity.     In  1890,  only  two  Acts  were  passed. 

The  total  lengths  of  streets  and  roads  traversed  by  tramways  in 
the  United  Kingdom,  at  June  30,  1890,  were  as  follows  : — 
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Kingdom. 

Length  of  tramway 

open 

Double  line. 

Single  line. 

Total. 

England  and  Wales   . 
Scotland     .... 
Ireland       .... 

Totals 

Miles. 

314*40 

62-81 
38-00 

Miles. 

438-15 
21-59 

73-31 

Miles. 

752-55 
84-40 

III-3I 

415-21 

533*05 

948-26 

The  capital  expenditure  on  tramways  at  June  30, 1890,  amounted 
to  about  13  J  millions  sterling,  distributed  as  follows  : — 


June  30,  1890. 


Capital  ex- 
penditure on 
lin^s  and 
works  open 
for  trainc. 


Total  ex-    '    Length  open  for  traffic.     Number 

penditure  on   of 

capital  I  under- 

account.       Double.'  Single.     Total,    takings. 


Tramways  belonging  to 


Local  Authorities      .    2,152,3921  2,911,419 
Tramways  belonging  to 
others        .        .        .    8,215,125  10,824,350 


^files.      Miles.  '   Miles. 
146-00     9775   24375        29 

269-21   435*30  704*51  '    129 


Total,  United  Kingdom  10,367,517  113,735,769  415-21  533-05  ,94^*26    158 


The  capital  expended  on  lines  and  works  open  for  traffic  is  at 
the  rate  of  about  ;£io,58o  per  mile.  The  total  expenditure  on 
capital  account  is  as  follows  for  the  three  kingdoms  sepa- 
rately : — 


June  30,  1890. 


England  and  Wales 
Scotland 
Ireland   . 


United  Kingdom 


Total  capital 
expenditure. 


€ 
11,136,027 

i»366,938 
1,232,804 


Expenditure 
per  mile  open.      ! 


£ 
14,800 

1 6,200 

11,100 


13.735.769 


14,500 


Showing  an  average  total  expenditure  of  ;;^i4,5oo  per  mile  of 
tramways  open.     The  greater  cost  per  mile  for  Scotland  arises 
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from  the  greater  proportion  of  double  line  to  single  line  than  in 
the  other  countries  ;  and  the  less  cost  per  mile  for  Ireland  arises 
from  the  less  proportion  of  double  line. 
The  working  stock  at  June  30, 1890,  was  as  follows  : — 

27,719  horses,  or  .        .        .         .  per  mile  open  2()'2'j 

575  locomotives  ....  ,,  '61 

28,294  horses  and  locomotives  ,,  29*88 

3,801  cars ,,  4"oi 

Horses  and  locomotives      .  per  car  7*44 

The  number  of  miles  run  by  cars  during  the  year  ending  June 
30, 1890,  amounted  to  65,174,955  miles;  and,  taking  the  mean 
number  of  cars  for  the  year  at  3,723,  the  mileage  run  per  car 
averages  17,506  car-miles  for  the  year,  or  48  miles  per  car  per  day, 
allowing  365  working  days  in  the  year ;  against  44  in  the  year 
1879—80. 

Taking,  again,  the  average  number  of  horses  for  the  year,  at 
27,390  horses,  or  13,695  pairs;  and  of  locomotives  at  557  ;  these 
give  together  14,252  pairs  of  horses  and  locomotives,  running 
4,573  miles  in  the  year,  per  pair  of  horses  and  per  engine,  or  12*5 
miles  per  day,  against  11  miles  in  the  year  1879 — 80.  A  slight 
abatement  in  the  average  is  due  on  account  of  one-horse  cars 
employed. 

The  gross  receipts  for  the  year  ending  June  30,  1890,  amounted 
to  ;£3,2i4,743,  and  the  expenses  to  ;^2,402,8oo,  or  75  per 
cent,  leaving  the  net  receipts  ;^8 11,943.  Taking  the  capital 
expenditure  for  the  year  on  lines  and  works  open  at  ;£io,327,5i7, 
the  proportions  of  earnings  and  expenses  are  as  follows.  The 
proportions  for  the  year  to  June  30,  1880,  are  added  for  com- 
parison:— 


I  YcAT  to  I 

Year  to  June  30, 1890.  June  30, 1880.     ' 


Gross  receipts 
Expenses 

Net  receipts  . 


31-1  per  cent,  of  capital  expenditure    26*9  per  cent. 

^21)"^  M  »i  >»  )  22*3        „ 

7*8        ,,  ,.  M  4'6      „ 
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In  Table  No.  i,  annexed,  are  given  in  summary-  the  capital  cost, 
receipts,  expenses,  and  working  stock  of  tramways  in  the  United 
Kingdom  for  the  years  ending  June  30,  1878,  1882,  1884,  1886, 
1888,  1889,  and  1890. 

In  Table  2  are  given,  for  each  tramway,  the  capital  expenditure, 
and  the  lengths  authorised  and  open  at  June  30,  1890. 

In  Table  3  are  given  the  receipts,  working  expenditure,  and  stock 
of  horses,  locomotives,  and  cars  for  each  tramway,  at  June  30, 
1890,  with  number  of  passengers,  and  car-miles  run. 

The  contents  of  these  three  tables  are  derived  from  the  Tram- 
ivays  Return,  1890. 

In  Table  4  is  given  the  working  expenditure  on  the  whole  of 
the  tramways  of  the  United  Kingdom,  for  the  year  ending  June 
30, 1890,  abstracted  from  Table  3,  with  the  percentage  proportions 
in  parts  of  the  totg.1  expenditure.  The  corresponding  expenditure 
for  the  year  ending  June  30,  1880,  are  added  for  comparison. 


\ 


GENERAL  STATISTICS. 


27 


as  • 
H    d     I 
-    <>    I 


< 


O 

u 
o 


X 


K 

U 
ft. 


8 

iS 

0* 

•< 

I 


On 
00 
00 


S  00 


QO 


00 
00 


2  <« 


0    H 

<  p 


H 
O 


c 
z 


p  2: 

U  0^ 

w  < 

02 


s 

H 

0( 

o 

tit 

o 

Q 

:£ 

W    fc 

85   ^ 


S<ao  MO  >; 
o  »o  t^  M  0 

O*  *^  t>v  ^  ♦  • 
••  «  ♦  t"  ♦  »o»o 


**  ♦^  O  r^  rx.  »r,  IN. 
«o  O  •^  O  •T'  «  •/: 

O   *«1  l/)M   IN.  M  «> 

»      a^      fk      ih      •       »       * 

O  rs.  r<«  N  M  O-  O 
^  Ok  O^  0^00  M  N 


00    r^  O    O    »^  ••    C- 

■b    ^        ■»        »        Pk        ■.        ak 

"•^  00  »0  irt  ••  c 
««»*>*  ^r  »c  «r 


0>  Ul  tv,  !>. 


N   V^  «^  '^ 


tft  i«  -  ao  o  •<•  5- 
00  w^  9 


is 


lOM   ^-O   (*«00  9' 


9  SS   O*  rjO  O 
s5   Q   »   O>00   ^ 

•k      aN     M      M      »      »      M 

n  o  M  (^O  t>>0 

W    ■<    ♦  ^  fX  tNi  0» 

M   M  M  M   N   «  M 


M  ^^  ir>0  O  rvoo 


OOOD    M    P>.  O 

00 ^ «  ^»n  _  _ 
«/v  «  -too"  i^  rC  »n 


xr, ««?  o>vO  ^-  — 

M    0>.  r^  (/) 

»*1  t<»  o  »o 


»*  M  «  ei"  «  cJ 


l/.O    PI 


r<»m  r<.oo  r^  n  to 

r«  ^  O^  M   M  rO  «^ 
OOO  »•  »M  O  V) 

■    ^      A      ^       a^       »      n       »       * 

^0>M  *-  m  ^ts.f- 

•k      a^      •«     »      «      «k 

M  M  M   M  «•  M 


M  g>o^  0 
O  M  M  a« 

•k      ah      »       * 


«<*.   M     O 

»n  r^  1/1 
V)M    •*)««)  V>0   M 


r^  Q  0>  O  o>  MOO 
r^  o  o  N  ^r  M  10 

r«.  »*)  '^«r>ao  moo 

^    ^      »      •.      ••     *      m> 

O-  M  P^QQ  CO  •«> 
r^OOOOO  O  M 
M   M   M   M  n   M 


8 


t/)0  vvoo 
O  tn  VI ") 
^  «<»  r^  »*» 


»oO  O  000  ♦ 
^  rv  «  "^  ow  *• 
•M  0>  ^O  hN  0»  M 

M    »    «.    »    M    «k   « 

M   M   M   M   M   M    <*> 


00     ■ 
00       ' 


i4  «*^ 


lis 

H  o 


Z    .2      8 


^ 


Q«  V)  C7«  O  M  (^ 
O  M  r<.^«n  M 
«o  O>oo  r«».  ^  O 

,  «*•  5f  •-»  vi lO  *•  VO 

»•    ♦^  O  «*J  •O  M    ►" 

*        »        ik        «        »        M        ffb 

(*>O«0    O    M     M     .. 


•nn  ^O^  rnuMO 
yV^M   10  0>  M    ««) 

0400  v)tf>M  o^ 


t^OO    M 
O    O    M    M    M    M 


rN<o  J'^5? 


5**02JM«/>y  Oiommi/ImQv 

r^MMOmMQ  t/)MV}  «reo  o>o 

M^OOrjOOO  t-MOlAOOV)^ 

00  00  ^  ^  00  N  roMO'**)!/)^*') 


ifoo  o  M  r«^  »«:  »«1 


iv)0 


Dfl      M      »      *      ^      »      »      vk 
MMtOMOMO^ 

R*r«.i-^M00O> 
Z  ♦oo  o  t«.*o«n«^ 

2  9«  (*«  N  «  0  ^00 
i*aoao  loO  vf^  M 
GU      ••  M  «*»**>  "o  ^ 


^  9 
mo  _ 

M  ^^^o  ►« 


0>V)MO  lO 

0>  M    "^  M",  ^ 


•/> 


O  rx  ^-00  ^  'opo 

«   vn  M   M   ^00  O 
NO  »*  «^»rt  t^  «0  O 

M      «k      M       •»       »       p.       •« 

r>»>o  **  O"  »n  O  VO 
V  mvO  too  (^  r>« 


O  M  O  »c 

(^00   O   N 
•  W^  f<)  ^  »OV 


o>  o»  ♦O  o 

00  00 


00 

-^       '        «      (k       a^      •        M 

opO  rooo  O  N  Q 

t^  ^  M^  »*»  ^  "OO 

00  t>.ooao  t^  ^<S 

00    r«)0    M    ^  r>>  M 
«    M   M   «   M    »0 


o  Q  v<  '^  ir.oQ  00 

MO    O    M    TO    N 

M  o  ^tno  M  «^ 

**  -^    "^     *  ^     **     ^ 

00  5«rt5Sa>o 
O  p«  r«  »■  o>»o  »^ 

•k      »      «      •• ^      m      ^ 

O  rv  o  ■t'OO  t>>o 

HI   M  ^I'^^^lO 


C8  5:«^I?5» 

(8  00  t»  ^r»«o  o^ 
(j        •  f  -«  .-■  -?■ 


M  M   N  M 


»o^o 
0 

M 


*-    ^  C>.QO    0«  9  M 
M   «*»  »0  tn  en  r*J  ♦ 


w  »0  0»  *  ♦  »*:oo 
*•  M  moo  o*  M  «f 

M  N  N  M  M  rOfO 


^MOO  O  ►?  mg 
M  lO  9  ^  O  ♦  O 

M   _«^      a^      «      »       fb      » 

rO  '^  ^  ^  'O 


M  M 


05^^  8 


g  O  M  O  N  0«0   ^ 

^     oeo  M  ts.<S*^ 

c 
H 


00  O  M  ix  Ov  M  oi 

M    M    M    »•    M    »• 


I     ^  O   00  M  « 
I  M    M    M    M    M 


♦O  S>M  ^OMO 

N  ^mv)io 


c  ^  « 


eIJoI- 


S'sg'^.SS'S.vg's 

Cm  r^  »•  «o  o>  oO 
00  ftt^^O^^  •■ 

M  ..    »«    M    M    «    n 


M  M  ♦  ^  f'MQO 
M  O  M  0«  mT[  M 
M   O   tn  «f  M   Ok  •- 

M     ^     »     *     «k     «*     ak 
M   r«>c*>«n*»0^ 


M  l^iOO  00  •*>  »n  M 
♦^  %N  O  f  »nOO  Ni 
00   f)  rOO  O   r«>  0> 


o  «^io« 
rooo  ^n  f^ 
M  p<.w*.ao 


it 


0^30  w  ♦tor*  rx. 

M   N  M  M  M   M 


e  u 


e  a  a 


Noooe  ««) 

M     O     ")  mtO 

~  r*  r«»  1^  t>. 


53- 


O     «^  C    M     ^r 

(>>  ro  1^30  00 


MO  00  9^0  ** 
r^  to  r^OO  00   M   M 


00 


to  r«» 


m^o^oo 
n  &  o>  ^ 


•a 


00    M 

ooS 


00  S  5  S  ^ 
00  00  00  00  00 


00  M 


ifl 


o 

o 


00    N     t 

f«.00  00 
00  00  90 


00   M 
00 


M   ^^SiS'SL 
00  w  QO  00  00  00 


00 
N 

to 


n 


8: 

< 


e 
9 

3 


M 


S 


B 
9 


a 
•«■ 

•a 

B 

c 
C 

Z 

.B 

I 

"a 


I    .5 


c« 

E 

en 


STATISTICS  OF  TRAMWAYS. 


5^5 
■■9  3 


GENERAL   STATISTICS. 


29 


0 

>? 

s 

Ct 

M 

M 

M 

0 

ao 

s8 

-^ 

0 

M 

n 

M   0 

M 

9* 

• 

♦ 

M 

tN. 

0 

M 

«». 

M 

• 

N 

M 
0 

tr, 

vO 

0 

N 

V4 

• 

g 

z 

0 

0 

V 

C« 

»«^ 

0 

- 

WlM     0 

0   0 

*   0 

0 

«o 

0 

»o 

ft 

M 

* 

M 

- 

M 

♦ 

Vi 

0 

♦  WO 

0,   M 

to 

••   «« 

1A 

■ 

M 

M 

0 

00 

00 

M 

■ 

0 

00 

M 

0 

0 

-ir  0  0 

0  n 

«    0 

VJ 

■ 

0 

♦ 

M 

0 

0 

M 

0 

• 

0 

0 

M 

M 

<o  0  0 

V) 

li? 

0 

M 

0 

0 
»0 

00 

>s 

M 

0     M    M 

M 

0  -*- 

M    0 

0 

♦ 

M 

00 

0 

ei 

tN 

M 

OO 

M 

M 

W1 

0 

0 

1« 

0 

a 

•I 

0 

^ 

0 

0 

NO 

»• 

«"«  »• 

0  »- 

•  0 

0 

«o 

«n 

vO 

0 

«« 

♦• 

M 

00 

M 

M 

* 

Ov 

^>S* 

«  »o 

^ 

f4 
0 

Z 

00 

00 

0 

0 

♦  0    0 

0  « 

««  0 

Wi 

M 

0 

♦ 

M 

00 

0 

M 

0 

0 

0 

0 

M 

M 

*— . 

^^^^^ 

MB 

^^^ 

^^^^ 

^^^^ 

^^^^ 

^^^ 

^^^^ 

^^ 

"iO 


O  ao 
ac  C  00 


sif  i^isi  1  I  ?  ?   §  I  f 


O 


»o       "^       0< 


'->0 
M  n 

00- 

•>o  ^  •o  c?  cT 

00 

^ 
«« 

r* 

10 

MM 

M 

0 

M 

0 

s 

to   . 

•         •        • 

« 

• 

• 
• 

• 
• 
• 

0 

8        £ 
5 

1 

0 
1^ 

• 

NO 

• 
• 

• 
• 
• 

M 

'O.  ••  lo  »n  <n 

• 

« 
• 
• 

M                 M 

■ 
• 
■ 

0 

M 
M 

M 
M 

•0 

51  .i 

0. 
•1 

CO 

•I 

vO 

* 

• 

B 
'5r 

■ 

■        - 

•  •        - 

•  •        • 

• 

• 
• 

0    fN 

1 

59 

3- 

•     &l    C    M 

3  J;  B  «    • 

0 
C 
c 

: 

■ 
• 
• 

«" 

0 

c 

• 
• 

•       * 

«       •        ■ 

•  *         • 

•  -         • 

• 
• 
• 

• 
• 

•-  0 

8 

mm 

• 

0_.  0  coo  r: 

: 

'' 

• 

• 
• 

• 

:| 


8 


I 


M 

G 


8  : 


M 


v6  ovoo  r>   • 


*—  ooaop**»f^     oo»o«"'^'r 

••  ••  Vi  »*>  Ph  w 


O 


5-58 


I        ?     1 
m      ^      m 


O       O 

f       00 


8:    8 


i 


S    S 


00 


9k  M 

00      00 


<>  M 


p* 
00 


CO 


00  00      00 


SL 


I 

00 
Pv 


30 


STATISTICS  OF  TRAMWAYS. 


O 


1  c- 


N 


»o 


o 


N 


N 


c 


J3   f^ 

S 

o 

% 

•»■ 

S 

• 

O 

=.s 

• 

• 

• 

■ 

x"* 

E-^ 

»»j 

•4 

•*■ 

»« 

(4 

•*■ 

OO 

*• 

*0 


**        O 


to 


15 

o 


M  O 


f 


1/5 

Q 

Q 

•-] 
O 


e>4 

■ 

O 

Gd 
CO 


C 

M 

o 
•5 

9 


00 
N 


o 
»o 


00 


M  N 


»o     «o 


o      o 

>0       CI 


«o 


s 

n 


C 

SI 

s 


a. 
U 


bou 
c.S 

CO'* 


00 


» 


00 


B 


M 


«o 


N 


ro 


»o 


M 


2  » 

•gc 

s> 

00 

X 

a  s 

a-* 

o 

o 

O 

0 

• 

o> 

M 

♦o 

tn 

o 

1 

:t 

<^ 

M 

M 

»n 

^^ 

»0 

o. 

•? 

0 

^Ov 

00 

»o 

M 

c* 

H 

lO 

^ 

M 

»o 

15     2 
o      o 


«      o 


00  Cv 


M 
00 


^  ^ 


Xipang 


lO         "^         'O 
N  O  «*» 


N 


V 

> 


«n 


6 

3 


be 

c 


00 

'I 


(O  N  8 

N        00        O 


c 
E 

3 


V  > 


O  53 
u 


3 


O 


^ 


OO 


M 


*SattlJ8093Ai; 
-0ni'o30|  UQ 


Six 


^  § 


vtf  -r 


5 


N 


en 

u 


M 


'UOI)01U4SUO3 
JO  9SJn03 
Ut  Sl[JOM 

puv'soaii  no 


iS     .o 
Vag"  :       :       :       :  :       :       : 

^*5*  •■■■  ■■■ 

u 

o 

vjrt        :  ;       :       :       :  :       :      jj^ 


3 

a 
be 


•a 
e 


c 
O.S 


5  C  ^ 


e 

s. 


(tf  o  ^ 

™  5  o 


«o 


S» 


»o 


m 

M 


«        ^ 


•s. 


s 


o 

a 

55 


I*     W   -M 


re  u 


V  C  w  5 


> 
o 

u 

a 

& 

8  « 
5!  « 

•St* 

u 


c 

>: 
n 


«^ 


«> 

•d      rt 

3    •a 

a 
rt 


e 
rt 


•<-s 


rt  ■* 


O 


U  ■ 

2 


^sss^s-s 2-^1^  .Justs? 


S'jt.S^.Hg.S 


Q 
•^  2 


US* 
O   V 


lao 


00        00        QO 


6   '^ 


9^ 


0-3  •^>^ 


"« 


r  0 


o 


S 


s 


oo 

00 


00         00 


oc 


oo 


00 


00 


s   ?   ^ 


oo 


I    I    i 

3    S    S 


I 


00 

oo 


s 


GENERAL   STATISTICS. 


:: : 

S    2 

S-     =     5      ^     ^ 

-    r 

;  f 

•s 

S    '% 

£ 

^  -  ? 

=      £ 

;  z  r  ^  r 

K    B 

„  r 

^ 

i    s     . 

5 

'it 

^     «. 

- :  ^  i  ^ 

I    . 

R  a 

•5 

S    S.    8 

I 

■>    i 

g    -,   ■»   «  ^ 

=     3 

S    J 

K 

■s 

% 

■£     :; 

J     5    S    S    5, 

E    ?    * 

=.  r 

% 

a 

?    s-    S. 

i 

;  i  ? 

;  a 

"! !  i 

o    * 

"  R  a 

r 

^ 

5     =    S, 

E 

Ill 

s 

^  ^ 

&  s  s   a   ^ 

11 

H 

1 

II 

S    8     ^ 

f 

f    : 

* 

,     '     M      : 

J| 

:       \ 

J|     : 

IH 

i 

«  «  3  S    , 

1! 

I  - 

I       1 

:    a 

i 

H    ^ 

E  * 

|MJ    . 

3^   5 

|i 

= 

■III 

¥%^ 

2 

1  s 

:    ^ 

\    ; 

iT 

1 

H    : 

1  s   1  s-    , 

H 

P 

■■■ 

^    1 

i  ■ 

1 

,  s 

^    ^     :  1    i 

:  : 

1 

E      ^     1 

S^    5      -     S     S      ■§     g      .       S 


STATISTICS  OF  TRAMWA  YS. 


1 

8=^    if      -S      " 

! 

«    &  *     s,     .    r    . 

s   s 

fi  _ 

1! :  *  ^ 

r 

3-    i"    ?      S            -      . 

-    ;; 

■=■?-   S     5    . 

o 

T    i-    S      -2        .     E 

S.     3 

.S 

S,    5.    -^       '      ^    5,     : 

^   a 

^ 

1| 

B*     "        2     ' 

r 

5-   5^    ?     s:     5    i    £ 

o    Z. 

1 

|i 

e3     =        It    ' 

3- 

■5.  .^-    S     2     s   r    a 

5   s 

•J-. 

t 

1 

'^l  \    1   ; 

^ 

H  i  IM  1 

^ 

.»„..s 

^i       i        i      : 

1     :    1    :4    1    s  1 

'! 

< 

Siii, 

4\       l^ 

s^ 

5  s  s  !  s   .  S.  S 

s  1 

z 

=i 

■^11        !      i 

\ 

:    :    S    .«    .  ^    : 

,  1 

c 

-DDIWOI  OO 

Si  1    : 

\ 

i      i       i      11       E      i       i 

i  1 

1 

*j 

vfl       :     : 

« 

«    ,    ?    e|    i  i    : 

:     S 

U0HJIU1.U03 

^,     ,       ,     1 

i 

:     ,    ,| 

s 

«ji|i 

J    1     1     , 

s 

f  1   III    E  J    , 

i  1 

1 

■i 

1 

ill 

j.jh   ...a 

1 
1^ 

iii 

-It  i 

u 

if   it 

1 

£    ^    1    3       III 

£  a 

U  II 

1, 

i  i  H  kkk 

i^ 

GENERAL  STATISTICS. 


K^'S       "     %■     .       ff".K              R         K^Rfto-gS 

ffSS.'"''..3'''.5               5         'e.R"J'S°38 

*Sft       K3..       S".S                 K           =5.«5,Tr 

RCft?*^^-S,^|C.         ^S^SS^K^ 

H  J        ,  JHl  ,  1    IPillllll 

5.    .           ,    Ml       ,    i      :  .S     1  ,., 

!l    ^         .5^1      iliil  .  .=  1     .  m4 

?|    .      4.^5=      ,4     .  ..?    *  4^1 

1   ,      ,      8   5    i       ,    ,    .          ,       ,         .    11    .H    MM 

'1   .M-    i|i^    ,    1     iM^ii.fi! 

i  -^l^ :       :    ;    :      -it;      1       ■         ■    ;  i    =    !    i    ■  ;  1  i 

Ifi  II,  IM  .  1  finilW! 

Hi  li 


■  1- 

.11 

■si       i .  . 

Tfl 

■5- 

1 II 

i 

34 


STATISTICS  OF  TRAMWAYS. 


• 

•?-  "^ 

ro 

o 

N 

N 

•n 

k4 

CM         \0           "O 

NO 

r>^ 

0 

5 

<J    N 

• 
• 

«o 

t>. 

-*• 

-r 

*o 

t^       r^       M 

t^ 

N 

«^ 

• 

,o 

g« 

«0 

o 

M 

o 

t* 

N 

«»■         «         NO 

r»j 

W 

yr* 

a 

^ 

M 

N 

Ji    . 

^'OO 

»o 

o 

o 

00 

o- 

OO 

<-0           «t            M 

CI 

00 

t^ 

be  &i 

i-    1^ 

«*> 

•r 

'T 

»o 

!>. 

VO        'tf-       « 

M 

N 

e« 

M 

c  c 

• 

be 

c 

►3 

E" 

lO 

o 

'*• 

»0 

M 

»o      «      »o 

>* 

M 

M 

^  t^ 

o. 

rn 

-♦■ 

-»■ 

f^ 

Ov         "••         N 

-^ 

Cs 

et 

•2  « 

O    N 

• 

• 

N 

M 

ts. 

NO 

ID 

»o 

NO 

r»« 

»4 

9  a 

• 

■ 

0:s 

Q 

E° 

O 

00 

o 

o 

o« 

M          O          M 

M 

0 

•"»- 

• 

• 

3 

J=  ,r, 

o 

r^ 

oo 

N 

M 

<? 

«D 

«'*•►« 

%o 

0 

0 

^    N 

•o 

tr> 

t>. 

^r 

o 

M 

NO           »0 

•^ 

r^ 

fO 

U 

O 

E** 

VO 

N 

O 

N 

>o 

»o 

«D 

00               »^             tN. 

«r 

M 

»o 

a 

H 

M 

M 

•O 

^    . 

-=00 

N 

^ 

o 

o 

oo 

o 

o 

M           O           rO 

N 

«D 

t>» 

V 

bfiO 

d  r>. 

ID 

ro 

f 

•* 

ro 

rx 

M          M           M 

M 

•^ 

N 

.S 

o 

a. 9 

B- 

lO 

M 

O 

«r 

in 

•^ 

M 

IT)         «*»        NO 

M 

M 

»« 

4) 

^  r^ 

OO 

o 

o 

r^ 

^ 

o 

m 

vS         5:      * 

»^ 

»D 

M 

9 

•^  O 

U    N 

N 

^ 

M 

M 

tN. 

N 

ro 

ct 

N 

^* 

< 

s° 

o 

o 

o 

00 

o 

M 

o 

Cli               0               M 

•n 

r* 

"«- 

^^ 

r^i 

"T 

T- 

T  r-» 

^ 

$>:?'« 

»« 

'  0 

to 

«n 

fO 

f 

M 

^^ 

Q 

k« 

t/^ 

0 

• 

N 

Cv 

»o 

'T 

o^ 

O^ 

W          lO         fO 

!>. 

-»■ 

rt 

00 

• 

o 

»o 

00 

o>  f^ 

»4 

t^      ■*      »o 

m 

r^ 

^ 

r>. 

■ 

M 

VO 

Tf 

M 

»■» 

NO            M          00 

r«. 

M 

o 

f^ 

ro 

M 

►^ 

H 

r* 

8 

<N 

c 

r^  — 

-'y 

W         »r 

0 

ofe 

C> 

OO 

oo 

-rao 

OO 

♦      «o 

r>. 

"* 

• 

«o 

w 

p< 

M  00 

o 

:      •o     ON 

'T 

• 

00 

'Sdupong 

•^N 

N 

M 

m" 

M 

• 

N 

• 

•D 

'Xjc;aoai 

• 

• 

• 

§ 

o 
to 
^0 

r^  5 

to      00         *• 

0       0       10 

• 

JO 
»0 

•^H-rej 

'hJ   '• 

■ 

• 

M 

0k 

M 

c 

♦ 

• 

N 

1 

pu-B  (BSoq 

«-> 

• 

$ 

9 

^ 

O 

^ 

s 

0     c5       to 

ID 

fO 

e  u 

Q 

OO 

N 

:  w 

V) 

M            M            t>> 

NO 

• 

W 

Oc3 

"^H  ' 

■^ 

m 

• 
M 

«r 

M 

«                  s^                  •» 

• 

oo 

:       :     n. 

fO 

3 

-OoioDOI  UQ 

SJ   : 

m 
m 
m 

• 
• 
• 

• 
• 

• 
• 
• 

• 
• 
• 

«       ■ 
•       • 

•4 

• 
• 
• 

• 

cS 

oo 

fi 

vg 

o 

1^ 

s 

5"       0        N 
VO        r*       •-■ 

ID 

OO 

t-^ 

O 

Ml 

•^ 

M 

o 

HMO 

CD 

M 

Og 

^  : 

«*5 

• 
• 

^ 

N 

»»> 

:  M 

H 

M            M            M 
M 

« 

• 

»^ 

ja 

*UOI)3TUlSUOD 

JO  osjnoo 

^  I 

• 

• 

• 

« 

« 

•      • 

• 

•              •               • 

• 

• 

.    - 

ni  s^JOM 

• 

• 

• 

• 

• 

• 

• 

•            ■             • 

• 

• 

• 

pac  S9uif  uQ 

a- 

ID 

oo 

§ 

o 

oo 

M 

oo 

ID        NO           C4 

\ 

G 

OO 

a 

• 
• 

M 

M 
M 

O 

M 

■»                       ■«                       M 

M            *«            ^ 

^       M        r^ 

M 

S. 

M 

00 

f  tramway,  and 
gauge. 

352  £ 

J3  M  rt^ 

• 
• 
• 

«4 

c 
o 

• 

• 
• 

S  «« 

• 

0 
•   O     ' 

• 
• 

• 

• 

o 
U 

•3  . 

» —  -yj  *J 

psi/;  2 

•ESI 

§•  2   , 

-1  -a  •  i 

-j^   C  W  CO*. 
0  u"""  *^""   •  ■" 

•         * 

?  .1 

i     1 

c—  c  — 

• 

• 

• 

« 
•  — 

Q,c:  **—  •-•c:  --c.  •-•vZ-iJiiiTi'^ 

ij  ?«  0.^2.5 

•   SS° 

*g 

-§ 

-^  9  '»■  o  '^  o  *"» 

§E.8 

§-§-§•- 

r/: 

T 

•/> 

'/■ 

r 

-r 

'r 

^r. 

'/)     c/3     'r 

•/■ 

T. 

'-/^       _ 

t 

-^c-S 

OO 

oo 

oo 
00 

s 

oo 

T 
oo 
00 

tXi 

00      00      oio 

oo' 
00 

T 

00 

00 

oo 

M    ("    C    O 

(4  u  >  2 

M 

M 

»4 

M 

M 

M            M            M 

X 

^< 

ft4 

1 

1 

J, 

1 

M 

i. 

J. 

1 

A. 

Hi 

1 
OO 

JL 

1 

1 

^J3      a 

oo 

'*> 

OO 

t>. 

r>. 

oo 

t^ 

r^      oo       cc 

r^ 

(>, 

^^ 

1 

00 

CC' 

oo 

^4 

oo 

00 

00 

oo 

00      00       00 

00 

oo 

oo 

•i-   S      "S    s 

«  f 

3 

■S    £ 

^ 

s  ^  s 

£■  -      s  ? 

5    ■£. 

■^ 

a  ■s 

a 

¥    K    ff 

:  ;  r  i 

I   Z 

" 

S    S 

= 

f  ^  r 

11  il 

I   1 

s 

3     S 

i 

'  f  - 1 

"    » 

4 

!! 

=  «  1 

i?  1  = 

41 

i 

-  ". 

I 

1  i  l 

:-;*"? 

^1 

!l- 

'i  i 

1    :     2    ■ 

!      i 

S  i 

i 

'  'i 

.::,,,!,...,.,         : 

'  ^.  ■■! 

1 

:    !    i    1 

1 

1 

i  i     1  1  1  *  1     t  1  a     i  i  1     1       1 

£   £   3    i 

ii  Hili  lil  in  1    k 

s  =  i  -i 

1 


36 


STATISTICS  OF  TRAMWAYS 


a 
o 


t 

8 

i 


Q 
^ 
-< 


O 
u 

CO 

I 

f 


o 

t5 


a 

M 


U 


o 


M  0» 


r^  to 

M  lO 

O  M 

in 


o 

M 


O 
in 


to 


M 

•n 


oo 


*OIITt  Ol^UIS 


Si  a 


M  O  ♦ 


M 


O 


OfO       M 

o    o 


8^ 

o 


•n 


>o 


o 

M 


o 

en 

o 


M 


*9ai[  ojqnoQ 


3 

o 
H 


•s- 


•o 
o 


«i 


1^    lO 

<>     M 

fl 


00 


»»1       <3  0» 

o     o     o 


43 
U 


S 


lO 
M 

00 


•^        ^    c« 


N 


oo 


*9m[  oiSuig 


«o 


C4 

♦n 


M 


M  O  ♦ 


«n 

o 


w    o 


^r      ^r     Qp 
w)     vo      ^ 

M         M         « 


QO 

O 


«n 

M 

M 


■oaii  aiqnoQ 


3 

O 

H 


•s- 


,- — »- 


o 
»o 


S 
o 


«0      C^ 

On     M 
M 


00  «        O         «n  «*» 

M  O        O        O  ^ 


O*       !*»       o«  o>     ^ 


00        00   ♦'*■ 


«r  w 


o 


saiS  "5-  ^ 


w>       •n 


W 


58>  «o 


«o 

N 


1*1 


Ov 


•sdupang 


SI 


o 
in 


o 


M 


M 

oo 


0->    I    OQ 


Vt 


O 


if. 

n 


'^eT 


o  o 

J3 


O 


8»0       r> 


O 
0? 


M 


M 


»n      »o 


O 


5 


M    0« 


^ 


« 


o  >o 
;o  lo 


OQ         On 


O 


I 


00 

o 

M 


•ssaiJSad  9AI) 

-0UI090{  UQ 


SI 


M    M 

*  2 
lo  (3 

B 


r».   I     QN 


lO 


N 

«o 


O   (J 


s. 


»n 


N. 


•o      »o 


8 


s^ 


•UOl)3IU)SUUJ 

JO  otjno3 
pov*  saai(  UQ 


SI  : 


B 

o 


a 
«i    . 

i 

o 


•5^  c 


s 


sj55i 


•n     NO  o> 


00 


ON         00 

ON      SJ- 

M  ON 


O         N 

ON      •     fO 


NO 

lO 

M 
ON 

M 


«o 


NO 


o 


8 

o 

U 


y|  g 


OS 

S  00 

•o    ■ 

I* 


W 


o 

o 

w 

»■ 
Ci 

c 
o 


►       So         ^ 


(« 


«      "S      ^       »i      i* 

,S!z;«5w«'g  «  o  «  g    .2- 


•I 

a 


^ 


fO 


"2 
'C 

■  B  rt***  o   . 
7?  > 


5^ 

oo 


oo 

00 

00 


s 


ON 

oo 


s 


00 
00 

oo      oo 


00 

00 


s 


«n 

oo 


i 


i 

1 

M 

1 

1 

4     M 

1  1 

2  f^ 

1 

1 

M 

A 

1 

M 

l>. 

f. 

00 

r>. 

!>.   0 

5   00 

r>. 

i>» 

»>. 

00 

00 

oo 

00 

00   Of 

5  00 

00 

M 

M 

00 

00 

r 


GENERAL  STATISTICS. 


37 


-     o 

M         M 

M 

a 

S 

oo 

0       r^ 

0 

n8 

f:     s 

s 

S» 

00         «t 

1            rx 

•0 

to 

« 

l/>     «l 

N 

00 

H                 M 

M              ro 

M 

00 

M 

«*> 

M 

3; 

0       r» 

« 

o 
1 

OO 
M 

M 

«    s 

0 

0 

s>    s 

£5       JT 

10 

M 

NO 

»         M 

1            r. 

«n 

NO 

f*S       o» 

M 

00 

M                  M 

0           «o 

ro 

ro 
ro 
NO 

•«         to 

M        «0 

>6 
1 

^s 

^ 

M 

0 

% 

-r 

"^ 

M 

»    o 

1          o 

0 

0 

0 

"   ? 

0 

0 

0          : 

0          ; 

00 

NO 

M 

M          M 

♦         »* 

a 

IX 

>o 

M 

8     S 

«>        * 

^^ 

ro 

«         « 

♦         t*. 

«-> 

»o 

NO 

lO       "O 

M 

00 

10                H 

M                 f*» 

0 

NO 

M 

ro 

M 

ss 

H 

0      r. 

5:        >o 

M 

00 
M 

«   s 

0 

0 

S       3 

ro             « 

>o 

M 

0 

OV         M 

•*          *-^ 

•0 

« 

t^        ON 

N 

00 

lO                M 

M               ro 

00 

s» 

r^ 

M         « 

1 

«o 

a 

M 

15    « 

0 

n8 

^ 

Os      O 

1       0 

0 

0 

0 

"     5» 

0 

0 

• 

•                                       * 

0 

K 

8    ? 

5 

N 

NO          ♦ 

T 

? 

1        1 

\      \ 

4 

« 

2.    2> 

.             n) 

M 

!^ 

»o 

•♦        M 

N/> 

•0 

NcT           rC 

NO                 V) 

M 

NO 

!?    " 

«• 

M 

o« 

ro 

!>»         M 

M 

«o 

ro 

ro 

a 

NO 

n 

M 

ro 

M 

«o 

ts.        ro 

r>. 

«o 

1 

10 

:     S 

•  • 

•  • 

• 
• 
• 

• 

• 
• 
■ 

3- 

H 

•  • 

•  • 

M 

«           : 

1 

M 

M 

M 

NO 

O 

:    ^ 

:         § 

1 

• 
• 

N/^        Tt 

f*>     0 

IN. 

1 

*          : 

NO                   •-• 
M                ro 
•0                   M 

5 

M 

« 

fl 

m 

M          0« 

M 

t^ 

M 

I? 

g 

1  1 

«0 

CO 

00 

3: 

10      ^ 

8 

i 

UJ 
•n 

00 
•0 

M 
NO 

M 

«o 

»o 

M 

•> 

« 

•                            ■ 

i 

•                   a 

0 

t 

1 

1. 

•  • 

•  • 

• 
• 

0 
00 

:         *5 

• 
•                      • 

M 

1 

*m 

M 

M 

v> 

V> 

M 

M 

M 

NO 

M 

M. 

•  • 

•  • 

• 

• 
• 

I  Ik 

1 

• 
• 

•                                            ■ 

•0 

• 

00 
M 
NO 

s  - 

•                                  • 

* 

M          H 

• 

•                                           • 

■ 

NO 

tNi 

•^ 

NO 

M 

00 

*g 

•  • 

*  • 

• 

•  9 

*  « 

• 

• 
• 

• 
• 
• 

• 

•  * 

•  • 

• 
• 
■ 

• 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

• 
• 
* 

*0 

NO 

M 

£  8 

'^ 

1 

% 

10 

8       3; 

s    ^ 

z 

t   -s 

•2 

e^ 

•? 

r^      iH 

00 

•* 

t         ►! 

M 

NO 

S;    »^ 

:        ^ 

r-o 

2? 

t«. 

M 

»o 

V>               V) 

NO                  NO 

^ 

r*. 

ff   •* 

M 

00 

«« 

M 

e« 

S 

n 

•0 

0" 

M 

Q 

(S 

• 

• 

• 

•  • 

I              ^ 

•                             • 

fe 

j2        c 

g 

• 

• 

•e^ 

15 

0                    0 

8 

1 

• 

1 
1 

a  e^ 

.9    .2  7 
a  10a  w) 

a  (31  2.  1 

IS        "d 

1    a 
(5    1 

.a  a  ^5  £ 

CO            ^ 

1  i 

3  1 

1 

O     ffi 

a       u 

M 

fl 

A 

Q    Q 

0 

u       fiu 

iS 

i  1. 

£  S 

^i  1-  3i 

0  s  i 
Si  ^^^' 

00 

.   M 

M 

^6g  '^Sg  *"j 

• 

i 

M          M 

2=' 

g^S^|3:g-    113: 

5 

H 

38 


STATISTICS  OF  TRAMIVAYS. 


Table  No.  3.— Receipts,  Working  Expenditure,  and  Stock  of  Tram 

ENGLAND 


Name  of  tramway. 

Gross 
receipts. 

Working 

Maintenance 

of  way  and 

works. 

Locomotive 
power. 

Animal  power. 

• 

Repairs  and 

renewals  of 

engines. 

Renewals,  See, 
of  horses. 

Repairs  and 

renewals  of 

cars. 

Traffic 
oxpeniei. 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

Accrinpfton  Corporation 

12,887 

1,880 

3.638 

••• 

2,228 

«  »  • 

596 

i>433 

Haslingden  Extension. 

Alford  and  Sutton 

— 

Framwa 

yclosed. 

Compa 

nyin  1 

iquidati 

on. 

— 

Barrow-in-Furness 

5»56i 

165 

i,68g 

•  ■« 

263 

•  •• 

36 

708 

Barton,  Eccles,  Winton,  and 

Tramwa 

y  leased. 

Traffic 

inclu 

ded  in  S 

alford  C 

orpora  • 

Monton  Local  Board. 

Bath 

«» 

No  retu 

m  recei 

ved. 

— 

— 

-^ 

— 

Birkdale  and  Stockport 

2»75i 

86 

•  •  • 

•  •• 

■*• 

29 

»73 

».3»9 

Birkenhead    .... 

No  retu 

m  recei 

ved. 

—~ 

Birmingham  and  Aston 

23.596 

X.423 

3,300 

603 

3,469 

85 

984 

«.i5» 

Birmin|^ham    Corporation 

(portion). 

Birmingham  and  Midland    . 

20,974 

1.383 

4.678 

■  ■• 

1,946 

... 

612 

x>490 

Birmmp^ham    Corporation 

(portion). 

74.584 

6,4c  2 

20,245 

•  •  • 

7.074 

•  ■  • 

1,744 

7,694 

Binning^ham  Central     . 

33,419 

3C4 

Cable 
haulage 

20,217 

■  •• 

1,181 

1,281 

3*944 

Birmingham    Corporation 

25,212 

148 

4,8/7 

•  •« 

1.843 

•  •• 

747 

a,349 

(portion). 
Birmingham  Corporation     . 

133,215 

6,854 

25,122 

20,217 

8,917 

1,181 

3,772 

13,087 

__ 

Prarowa 

y  leased. 

Traffic 

inclu 

ded  iu  " 

JUrmin({ 

ham  and 

Blackburn  and  Over  Darwen 

9,6oi 

05^ 

•  «  • 

•  •  • 

1,267 

•  ■  • 

165 

2,4  20 

Blackburn  Corporation 

15.424 

483 

1,709 

3.035 

521 

188 

3x4 

4,002 

Blackpool  Corporation 
Bolton  and  Suburban   . 

6,560 

178 

3" 

•  •  ■ 

99 

3M 

•  •• 

x,i83 

20,867 

•  •• 

0,T50 

•  •• 

1,000 

65c 

ol   Cor- 

Bootle 

Framw-n 

vleasod. 

Traffic 

inclu 

ded  in  " 

Liverpo 

Bradford  and  Shelf 

— 

Tramway  leascil 

to  IJrad 

ford  a 

nd  Shelf 

Tramwa 

ysCom- 

Bradford  Corporation  . 

29,328 

2X0 

11,604 

2,438 

900 

355 

392 

x,oco 
1 

Bradford  and  Shelf  . 

11,426 

•  •  ■ 

1,803 

»•« 

919 

■  •  • 

•  «• 

3,045? 

Brentford  and  District . 

Xot  ope 

n  for  tra 

ffic. 

— . 

^_ 

— 

-    ( 

Brighton  and  Shoreham  (for- 

368 

5 

•  ■• 

183 

•  ■  • 

•  •  • 

•  *■ 

74 

merly  Brighton  District). 
Bristol    

• 

Burnley  and  District     . 

12,857 

x,37o 

1,708 

•  a  • 

1,372 

•  ■  • 

315 

•3^346 
4,043 

Bury,  Kochdalc,  and  Oltlham 
Oldham  Borough  (portion) 

35.471 

2,178 

14,901 

■  •  • 

5,006 

•  *• 

945 

Cambridge  Street . 

3.754 

523 

•  ■  • 

■  •« 

•  •• 

263 

183 

1.31S 

CardiflF 

42,541 

769 

•  •  • 

15,620 

•  •■ 

1,860 

«,340 

12,349 

Cardiff  District  &  Penarth 

•  WW' 

Harbour. 

Cardiff  District  and  Penarth 

— 

Tramwa 

y  worke 

d  by  Pro 

vincia 

1  Tramw 

ays  Coni 

p.-iny. 

Harbour. 

Cbesham,      Boxmoor,     and 

_. 

No  retu 

m  for  tr 

affic. 

.^ 

^_ 

_ 

Hemel  Hempstead. 

Chester 

6,340 

"7 

■  •• 

1,705 

•  «• 

347 

484 

1,205 

GENERAL  STATISTICS. 
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WAYS  IN  THE  United  Kingdom  for  the  Year  ending  June  30,  1890. 

AKD  WALES. 


Expeoditure.                                                                     1 

U     1 

™<  0  ** 

1   "W            'J 

.      1 

Working  stock. 

1 

1 

"^oij 

^-*        a 

c  c  1  o-a     ,   • 

«    ^          '^    C                MM 

.?  2    =  2       rt  « 

a 
.2-3 

OtQ,  C 

CIS 

m 

C 

3 

XT. 

£ 

Total. 

• 
U 

Z  0  ^  s 

M    C    0 

s  s 

0    .      0  >    . 

£  «     V  0  Si 

Ho   ei^ 

2        Zio** 

«4-i 

H 

as 

iC     /:     i^ 

£ 

£ 

£ 

£ 

• 

490    1,235       *89 

IC 

88 

•  •« 

11,88; 

\^QOC 

1,778,634 

251,451 

•  •  ■ 

14 

14 

.   311      ...          341 

•  •  • 

139 

181 

3,835 

1.726 

1,096,200 

153,318 

'     " 

7 

8 

tion  R  eturn.     — 

'    ■■ 

'      ' 

■ 

—_ 

^■^ 

' 

~ 

105         50         12 

1 

•  •  • 

60 

24 

1,868 

883 

303»ooc 
Cars, 

57,742 

Cars, 

30 

— 

12 

877       121       626 

X07 

141 

347 

14»234 

9.362  1 

3,828,15c 
'Buses, 

,  332,976 
'Buses, 

>     20 

27 

26 

/  Inclu- 

' 

( 

166,28; 

29,607 

) 

»°i  ^  \  "p*;^" 

■   179 

90 

552 

12,284 

8,690 

4,783,39-4 

312,105 

•  ■  • 

24 

22 

\     col. 

i 

* 

/.   3.651 

919 

714 

255 

•  •  • 

... 

» 3, 794, 864 

1,169,883 

•  •  • 

70 

64 

4,543 1,651 

«93 

75 

56 

112 

•  •• 

•  •• 

4,123,127 

790,591 

432 

•  •  • 

50 

1,021 

169 

125 

82 

•  •• 

•  •  • 

4,261,050 

459,806 

•  •  • 

■  •• 

20 

4.545 

x,65i 
,""Bi 

5.567 

1,163 

895 

449 

94,31^ 

38,897 

22,182,041 

2,426,2^0 

432 

70 

134 

AstOD 

rmine 

ham  a 

ndMi 

dland, 

"  and  " 

Birraing 

ham  Cent 

ral,"  Retu 

rns. 

— 

573 

95        J99 

616 

56 

280 

6,630 

2,071 

1,197,292 

158,077 

•  •  ■ 

10 

15 

565 

323       302 

320 

30 

700 

12,552 

2,872 

2,42J,02C 

359,913 

85 

14 

27 

435 

50 

24it       224 

27 

73 

3,»3<- 

3,433 

b;,8,so'., 

95.36^ 

•  •  • 

•  •  • 

10 

2  id      700 

300 

xoo 

•  •  ■ 

•  •■ 

i5»57i 

5.29t- 

2.524,527 

431,43c 

320 

•  •  • 

36 

pocati  on ''Return. 

— 

— 

— 

— 

f       paoT,  1  Limit  ed.    1- or  tra 

ffic,  se 

<f  "Br 

adford 

Corpora 

8,368 

lion"   R« 

cum. 

— 

— 

,    750'        31 

]       750 

2,00c 

II 

530 

20,96c 

4,692,4»c 

562,56c 

60 

25 

35 

bclu-;  \ 
dediQ  \ 
prev.   4  ■  • 

col.  ;- 

5**^ 

•  •  • 

«•• 

303 

6,590 

4.836 

2,590,040 

170,815 

•  •  • 

11 

XX 

^.^ 

... 

_ 

■^-~ 

— 

— 

— 

— 

— 

••      '      ••• 

3 

•  •  ■ 

••• 

•  •  • 

265 

103 

43,611 

6,70c 

29 

•  •  • 

4 

52S      70 

303 

"466 

14 

•  •  • 

9,5S2 

3.275 

1,507.831 

106,100 

•  •• 

14 

13 

i,x^      376 

773 

14 

674 

3«*.9i^ 

4,5^3 

.4.992, 3«^ 

85^.541 

•  •  • 

85 

81 

22X>          17 

9» 

•  •  • 

108 

2,721 

1,033 

578,014 

8o,7Sc 

21 

... 

6 

200     2,072 

•  •• 

139 

... 

... 

35,355 

7,18c 

9,583,917 

970,017 

43(5 

... 

47 

Traffic  inclu 

ded  in 

"Car 

diff" 

Retur 

n. 

— 

— 

— 

— 

— 

— 

1    ~~' 

— 

— 

— 

— 

— 

~ 

— 

3& 

'     ... 

»34 

5 

>           2 

157 

4,62: 

l|       1,71/ 

563.72S 

207,56; 

I    7. 

... 

It 
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STATISTICS  OF  TRAMWAYS. 


Table  No.  3.— ENGLAND 


Name  of  tramway. 


Chesterfield  .       • 

Coventry  and  District  . 
Croydon  (formerly  Croydon 

and  Norwood). 
Derby     .... 
I>ewsbiuy,  Batley,  8c  Birstal 
Drypool  and  Marfleet   . 
Daoley  and  Kingswinford 
Dudley  and  Stourbridge 
Dudley,  Sedgley,  8t  'Wolver 

hampton. 
Exeter     .... 
Flamborough  Head 
Flkestone,Sandgate  &  Hytbe 

Gateshead  and  District 


Gloucester     . 

Gosport,  Alverstoke,  &  Bury 

Cross. 
Gravesend,  Rosfaerville,  and 

Northfleet. 
Great  Grimsby.      .        . 
Harrow  Road  &  Paddington 
Hartlepool  s    . 
Highgate  Hill 
Huddersfield  Corporation 
Hull  Street    . 
Ipswich  .... 


ID 

Keighley 

Lancaster  and  District 

Lea  Bridge,  Leyton,  &  Wal 

thamstow. 
Leamington  and  Warwick 


Leedi 


Leeds  Corporation 

Leicester 

Lincoln  .... 

Lincolnshire  . 

Liverpool  Corporation  . 
Bootle  Corporation    . 
Walton  Local  Board 
Wavertree  Local  Hoard 
West  Derby  Local  Board 

Llanclly .       ,        ,        ; 

London  .        .        •        . 

London,  Camberwell,  8e  Dul 
wich. 

London  Southern  • 

London  Street 


3.44' 
9.369 

10,738 
6,110 

2,883 
9.371 


c  a  . 

(fl   c«   «■ 

**  5  O 


£ 

No  retu 

146 

358 


9,825 


2,867 


x.gii 

6,05^ 

9.5  2<i 

1.505 

i5«8o4 

13,649 
2,141 

i,8j3 


5,567 
48,432 

31,615 
2,012 

275,912 

982 
300,220 


14.746 
126,442 


682 

X12 

Not  ope 

408 


% 


«3  U 

»8. 


^ 


£ 

m  recei 
ii427 


x,i77 

1,411 

n  for  tra 

2,007 
No  retu 

No  retu 

Not  ope 


S 

B 
< 


•• »  8 


ved. 
2,495 

4,069 
30 

ffic, 

rn  recci 

m  recei 

n  for  tra 


700 


71 


53 

80 
20 
70 

1,746 
2,205 

32 


640 
2,840 


2,170 

29 


1,253 

Worked 

22,142 


516 
6,708 


Xot  ope 


205 
No  retu 

4.201 


Not  ope 

8,138 
Not  ope 

•  V  ■ 

■  ■  • 

Not  ope 


in  conn 


£ 

526 


561 
280 

1.014 
ved. 

ved. 

ffic. 

x,ioo 


877 

n  for  tra 

852 

1,755 
3.159 

rn  recei 

«  •  • 

3,972 

735 

823 

n  for  tra 

2,408 

9,723  \ 

n  for  tra 

11,823 

438 
n  for  tra 


100,077 


ection  w 

89,418 


5.512 
40,126 


ffic. 


ved. 

1,803 


ffic. 


Inclu- 
ded in 
Col.  a. 
ffic. 


ffic. 


Working 


• 

13  H« 

«  J 

CO 

*"  . 

J5  C 

CrtC 

rt  0 

a  0 

£S 

^ 

304 
x,oco 


I 

142- 

289 

563 

300 
24 

228 


360 

3.47* 

3p<M6 
800 

484 


95« 


Inclu- 
<ded  un- 
der En- 
gines, 


X72 


} 


968 
204 


8x 

233 
56 


250 
1,375 


X,000 

53 


56 


27 
X96 

X07 

67 

840 

750 
XO4 

41 


274 
3,637 


2,217 

75 


X3,286      15,076 


ith  an  other  bu 
13,550 


640 
4,984 


siness,  a 
7,687 


499 
3i4ox 


2,S«> 


1,122 


429 

1,139 

3.600 

806 

X.487 

4.770 

8c6 
660 


399 
6.345 


7,855 
569 


48,707 

nd    can 
69.70J 


4.503 
38,369 
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STATISTICS  OF  TRAMWAYS. 


Table  No.  3.— ENGLAND 


«    Q. 

Working 

UTS 

.§ 

• 

ft         'BO. 

Renewals,  Ate, 
of  horses. 

•13  vm 

a  0 

en 

Name  of  tramway. 

Gro 
receij 

Maintenai 

of  way  ai 

works. 

Locomot 
power. 

Animal  po' 

Repairs  a 

renewals 

engines 

Repairs  a 

renewals 
cars. 

Traffic 
expense! 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

Manchester    Carriage    and 

262,339 

3,249 

•  «« 

73,494 

■ «« 

17.435 

9,812 

66,429 

Tramway  Company. 
Manchester  Cot  p.  (part'> 
Moss  Side  Local  Board 

Newton  Heath  Local  Bd. 

I 

Oldham  Borough  (part) 

Withington  Local  Board 

Manchester  Corporation 
Manchester,  Miodleton,  and 

Tramwa 

ys  lease 

d.  Traffi 

c  includ 

ed  chiefly  in  "! 

Manche 

st<»rCax 

Not  ope 

n  for  tra 

ffic. 

-^ 

— . 

District 

Middlesborough  &  Stockton 

5,543 

360 

z,8i6 

1,341 

•  «  • 

95 

136 

40X 

Morecambe    .... 

2,648 

20 

•  •  « 

8^ 

■  •  • 

•  •• 

55 

430 

Moss  Side  Local  Hoard 

Traffic  i 

ncludcd 

in  "  Ma 

ncbestc 

rCarr 

i age  and 

Tramw 

aysCom 

Neath  and  District 

— 

— 



^ 

(/ 

Newcastle-upon-Tvne  Corp. 
Newport  and  Parkhurst 

30,474 

590 

•  •• 

11.550 

•  •• 

1,174 

1,537 

4,020 

Newport  (Mon.)     . 

4,498 

226 

•  •• 

8£q 

«  •« 

123 

307 

1,083 

Newport  Pagnell  &  District 

_ 



Newton  Heath  Local  Board 

Traffic  i 

ncluded 

in  •'  Ma 

ncheste 

rCarr  iaceand 

Tramw 

ays  Com 

Northampton  Street     . 

6,178 

81 

•  ■• 

1,506 

•  •• 

353 

196 

1,177 

North  London 

17,250 

1,079 

5ii7c 

114 

1,309 

■  •  • 

49 

6,383 

North  Metropolitan 

405,292 

35,479 

1,380 

110,997 

... 

19,505 

10,578 

84,«fio 

North  Shields  &  Tynemouth 

Line  onl 

y  rc-ope 

ned  on  z 

2th  June 

,  1890. 

•  ■  • 

•  •• 

•  •• 

District 

North  Staffordshire 

T7,Q27 

677 

1.777 

30 

492 

•  ■  • 

168 

5,4iS 

Nottingham  and  District 

24,508 

Oioi       ... 

i4,i5i 

... 

963 

825 

3,537 

Oldham,  Ashton-under-Lyne 

— . 

— — 

and  Hyde  District. 

Oldham  Boro'  (Corporation) 
Oxford  (City  of)  and  District 

Traffic  i 

ncluded 

partly  in 

"  Bury, 

Roch  dale,  an 

d  Oldha 

m"  Ret 

9,349 

921 

•  •  • 

2,256 

•  •• 

205 

... 

2,078 

Plymouth        .        .        .        . 



— 

Plymouth,  Stonchouse,  and 
Devonport. 

14,215 

316 

•  ■■ 

4,985 

•  «  ■ 

373 

712 

2,357 

Pontypridd  &Rhondd.i  Valley 

Xo  retu 

rn  recei 

ved.  Co]mpany  i 

n  liqui 
with  t 

dation. 

— 

_^ 

Portsmouth  (Boro* of)  Kings- 

Tramwa 

y  workc 

d  in  con  i unction 

he  Ports 

mouth  S 

troct  Tr 

ton,  Fratton,  and  Southsea. 

Portsmouth  Street         .    •    . 

43,099 

1.846 

•  •  ■ 

16,342 

•  ■• 

1,167 

2,949 

T^^i^l 

Borough  of  Portsmouth, &c. 

Preston     Corporation      and 

10,521 

■  •  • 

•  •• 

S.C72 

*  •  • 

366 

1.949 

Fulwood  Local  Board. 

%J9      1 

w 

"»7T  y 

Reading          .        .        .        . 
Rossendale  Valley 

5,020 
0,077 

426 

•  •• 

•  •  ■ 

816 

1,781 

•  •  • 

•  •  ■ 

265 

199 

323 

30 

390 
1,65s 

St.  Helens  and  District 

3.045 

250 

400 

390 

20 

•  •• 

16 

270 

Sal  ford  Corporation 

69,014 

•  •• 

■  •« 

1 
ao,686'     ... 

4,907 

2,655 

i9,oot 

Manchester     Corporation 

^9  ^     # 

^> 

(portion) 

Barton,  lie,  Local  Board. 

GENERAL   STATISTICS. 
AND  WALES   {conHnuid). 


Vi 

MO* 
6Si 

rllyin 

■  33 
.03 
1,167 

ncliei 

crCa 

605 

37.'" 
53.07. 

="I8 

5.98; 
J,66S 

■S.W 

::s:i 

6,608,8. 

•,9J6.J9 

788.43 
9»4.73 

-1 

8,128,08 

|p«y'."R 
230,08- 

207,86i 

■,'59,337 
>S8.43' 

Slm"a'S 

(     " 
787 

83 

= 
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Table  No.  3.— ENGLAND 


if 

WorkinK 

..«,. 

1 

P 

i 

1 

1 

1 

n 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

ttloD     . 

'<.)46 

l.«"5 

■  .150 

iA*o 

«i  : 

€1 

6*5 

'iiTSj 

"jio 

■"847 

sIslJ 

letropolilM 

:iT^. 

J4,C*3 

'■^ 

.": 

1,000 

•3 

4,3" 

1,4>J 

^™^l 

lit^' 

V/sS 

•;;,j, 

'ooa 

aViw 

"99 

s 

j'^^Jd 

*4.474 

1^.3 

■' 

>.J.tl 

658 

8,840 

aKlGron 

»M 

i.«.dDi« 

"■3(0 

So. 

'r" 

5. 

por.lion) 

11 

I,lSl 

4.476 

dude 

d,.* 

.„d'eV?i 

od,S 

"'';s 

>.0J4 

Si 

6S7 

K 

^° 

1% 

Walton-a-Lhe-HUl     Loo 
W.nUK.       ... 

T*r^^ 

awd!  T 

-affic  IK 

din-L 

Corpor 

1, 78; 

ss 

860 

W.wrttte  LocJ  Bo«d       . 

W.V,  Ic 

ued;  7 

.^c  in 

dLn;;L 

Corpot 

Wat  Derby  Loul  Boaid    . 

t™ 

Kiin  ic 

raflic  in 

elude 

«pool 

Weit  Uetrapolilm       . 

16,915 

6ak 

'°  7B1 

78* 

"S*^ 

W«ton.niper-M.rB,Clevc 

t.affic. 

Wig»o    .... 

j.8jI 

>.JS4 

16 

876 

SS] 

Witml   .... 

s.;*. 

"' 

..294 

■>. 

.79 

■  ,41 

Wi>b«h  ud  Upwell  (Gr« 

.,3.. 

3.. 

Ms 

241 

..048 

450 

P«J) 

WolvethuoploB    . 

Trara 

le 

axd.  T 

raffle  iK 

elude 

d,o"M 

■mcbat 

=rC«i 

10,508 

S" 

J.»S8 

...              465,         «. 

9M 

Wolvenan  ud  Stonj  Strat 
Wolvetton  and  StoBjr  Strat- 

t,04I 

J6. 

7>S 

■  JO 

J      ...               .3^ 

469 

ucd.  T 

r^d  [n 

rludedin-WolvBrtoi 

aidSlo 

ford.      (Deanihinget   £l 

W^r^3  ud  5oiilh  Eut 
London 

""» 

«S5 

... 

).«.; 

... 

445 

5,<S0 

WoiMUer     .       .       . 

NoR 

Wnihun       .        .       . 

YannMthaBdGorleitoD 

371 

1,80 

u 

Ynik      .... 

..0*6 

... 

ToUI,Engliiid.ndWala 

-57J.535 

.JO..., 

iio,6n 

«io,38j 

("JS" 

.«...4 

W.*09 

5S..79 

GENERAL  STATISTICS. 


45 


AND  WALES  (concluded). 


Expenditure. 

^ 

Net 
receipts. 

Number  ot  pas- 
sengers conveyed 
(including  season  or 
composition  ticket- 
holders.) 

Number  of  miles 
run  by  cars. 

1   Working  stock. 

Direction  and 
management. 

Kent  of  omcos, 

stables,  and 

sheas. 

Rates,  taxes, 
and  tolls. 

Compensation 

for  personal 

injury. 

Legal  and 
parliamentary. 

1 

C/3 

Total. 

Number  of 
horses. 

Number  of 

locomotive 

engines. 

Number  of 
cars. 

£ 

£^ 

£ 

£ 

£ 

£ 

£ 

£ 

1,000 

362 

1,495 

•  ■» 

13 

304 

28,789 

10,4x3 

Loss, 

6,185,576 

691,810 

316 

.•• 

46 

X93 

xoo 

95 

•  •• 

207 

56 

2,008 

617 

331,372 

61,571 

26 

... 

A 

475 

360 

•  •• 

6 

•  •• 

«•• 

",955 

1,777 

1,678,021 

297,220 

140 

... 

350 

as© 

60 

70 

200 

X72 

7,236 

2,500 

1,061,270 

196,000 

100 

»»• 

XI 

1,655 

954 

657 

913 

205 

26,995 

63.647 

10,416 

16,154,451 

1,767,314 

785 

••• 

86 

476 

59 

2a4 

••• 

■  •  • 

194 

5,845 

4,245 

1,145,117 

179,347 

67 

... 

'i 

3!3 

z6 

xoo 

503 

•  •• 

226 

5,00c 

632 

1,242,325 

184,529 

59 

... 

1,460 

»I4 

550 

•  ■• 

97 

722 

19,950 

2,343 

3,276,284 

395,758 

20 

36 

34 

a9 

201 

258 

337 

i6x 

260 

19,745 

4,729 

5,602,415 

530,434 
14,996 

217 

•  •• 

32 

«•« 

•4 

••• 

■  •• 

•  •• 

6z 

563 

^ 

123,767 

44 

•  •  ■ 

6 

144 

67 

Z2I 

1x3 

3 

•  «  • 

'S. 

1,037.156 
2,607,986 

i5x,543 

29 

8 

15 

730 

«5 

229 

2 

•  •  • 

13a 

5,299 

274,657 

ixo 

... 

33 

pany) 

"  Ret 

am. 

— 

— 

— 

— 

— 

— 

1,035 

353 

1,075 

19 

323 

279 

14,821 

7,206 

2,611,513 

360,416 

119 

3 

55 

.3» 

... 

121 

.»* 

29 

336 

4,101 

843 

609,544 

145,784 

40 

... 

5 

atkm 

"  Ret 

nm. 

^— 

— 

— 

.  as 

«•• 

20 

... 

... 

•  •• 

x,z8z 

606 

30,463 

10,955 

•  •• 

3 

3 

ation 

"  Ret 

am. 

— 

— 

— 

— 

— 

— 

atioo 

r  Ret 

urn. 

— 

— 

— 

^ 

— 

— 

— 

— 

— . 

— - 

724 

300 

509 

_284 

44 

•  0  ■ 

21,640 

5»277 

4,456,660 

659,107 

246 

... 

_48 

310 

••• 

369 

435 

300 

139 

6,193 

1,635 

1,245,896 

139,360 

1 

12 

X2 

ktl 

•  •ft 

«>3 

•  «« 

43 

252 

4,634 

1,146 

765,752 

169,508 

47 

... 

7 

l\l 

•2  2  2 

Loss, 

K,. 

77 

••• 

■  ee 

8 

2,824 

523 

102,422 

27,418 

•  •• 

3 

9 

nil 
age  a 

ndXr 

amwa 

yCom 

pany* 

8  "Re 

turn. 

6qo 

>95 

399 

33 

13 

180 

6,925 

,  3,583 
Loss, 

1,327.825 

204,597 

86 

•  ■■ 

20 

236 

31 

58 

•  •• 

•  •• 

363 

2,846 

804 

229,602 

41,86; 

2 

4 

6 

■ySt!  itford 

»'Rct 

urn. 

— 

— 

— 

— 

— 

— 

— 

— 

— 

^ 

95 

x8i 

x6c 

•  ■« 

zzx 

11,920 

3,048 

2,481,196 

321,435 

156 

•  ■  • 

^S 

32 

10 

6 

•  •• 

■  •• 

«■• 

""634 

222 

60,423 

17,800 

9 

•  •• 

3 

s68 

IS 

146 

■  •  ■ 

9 

233 

4,023 

1,267 

859,927 

114.210 

50 

•  •■ 

9 

13« 

•  •• 

«•■ 

•  •• 

48 

2,660 

940 

814,620 

i2r,oo7 

37 

•  «* 

10 

65.107 

36,616 

Si,90» 

«4,905 

6,957 

56,932 

1,932,444 

641,091 

4181399,936 

53,367,578 

2z,68i 

534 

3,030 
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Table  No.  3  {continutd), — 


Name  of  tramway. 

Gross 
receipts. 

Working 

Maintenance 

of  way  and 

works. 

Locomotive, 
power. 

Animal 
power. 

Repairs  and 
renewals  of 
engines. 

Renewals,  8cc., 
of  horses. 

Repairs  and 

rcacwals  of 

cars. 

Traffic 
expcnies* 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

Aberdeen  District. 

16,376 

623 

>  • « 

5.730 

■  ■  • 

•  ■■ 

722 

3,558 

Dundee     Street     (Commis- 

15,969 

1,042 

2,376 

•  •• 

1,275 

422 

628 

4,094 

sioners  of  Police) 

Edinburgh  Northern    . 

9,797 

1,637 

959 

(Cable.) 

664 

Inclu- 

•.. 

Inclu- 

«,i70 

ded  in 

ded  in 

first 

first 

col. 

col. 

Edinburgh  Street  . 

103,470 

6,371 

•  •• 

31,820 

«  »  « 

4,361 

3.833 

13,914 

Glasgow  and  Ibroz 

1,161 

9? 

a  •  • 

361 

•  •• 

56 

it^3 

32,829 

Glasgow  Corporation 
Greenock  and  Port  Glasgow 
Greenock  Street  (Board  of 

24i,i8t> 

1,582 

■  •■ 

91,507 

•  •  « 

19,140 

S,7i8 

3,733 

•  (  ■ 

•  •  • 

•  •  • 

■  ■  B 

•  ■  ■ 

24 

2,360 

Return. 

Traffic 

include 

d  in  *'  V 

ale  of 

Clyde  " 

returns. 

Police)         ,        .        .        . 

Paisley 

2,911 

•  •• 

■  •• 

046 

•  •• 

99 

80 

903 

Rothesay        .        .        .        . 

3,305 

121 

*  «  • 

643 

•  •• 

97 

87 

653 

Stirling  and  Bridge  of  Allan 
Vale  of  Clyde 
Greenock  Street 

2,724 

20<^ 

•  •  • 

1,123 

•  ■  > 

•  •• 

138 

««5 

16,718 

613 

2,503 

1,899 

2,113 

256 

Inclu- 

lr4J3 

ded  with 

Total  Scotland  . 

engines. 

417,350 

12,286 

5.83^^ 

134.693 

i.ZZ^ 

24.431 

11,335 

62,576 

IRELAI 


Belfast  Street 

71,942 

1,717 

•  •• 

22,404 

■  •• 

X.803 

2,532 

19,470 

Sydenham  District    . 

Blackrock  and  Kingstown   . 

2,043 

2 

•  »  • 

674 

•  •  • 

126 

41 

813 

31essington  and  Poulaphuca 
Castlederg  StVictoria  Bridge 

Not  ope 

n  for  tra 

ffic. 



^ 

— 

1,996 

198 

343 

... 

•  •• 

ft  •• 

15 

427 

Cavehi  1  and  Whitewell 

2.3.^2 

233 

649 

... 

790 

•  •• 

•  •• 

220 

Dublin  and  Blessingtoa 

4,701 

%l 

1,831 

... 

2X9 

•  •• 

15 

IM 

Dublin  and  Lucan 

4,83'J 

956 

... 

570 

•  a« 

185 

660 

Lucan,  Loixlip,8cCelbridgc 

Dublin  Southern  District 

7,340 

674 

•  •• 

3,110 

•  ■• 

446 

796 

1,061 

Dublin  United 

123,182 

10,791 

*  •• 

32,321 

•  ■  ■ 

S.129 

5,233 

22,210 

Galway  and  Salt  Hill  . 

1.451 

47 

•  •• 

365 

*•• 

■  ■  • 

81 

422 

Giant's     Causeway,     Port- 
rush,  and  Bush  Valley 

2,140 

183 

792 

#•■ 

305 

•  ■• 

60 

284 

Lucan,  Leixlip  8c  Celbridge 

Worked 

by  "  Du 

blin  and 

Lucan  S 

team 

Tramwa 

y  Comp 

y.,»'  and 

Portstewarc    .        .        .        . 

684 

3 

354 
edby»'B 

•  •• 

•  «  ■ 

... 

27 

68 

Sydenham  District  (Belfast). 
VVarrenpoint  and  Rostrevor 

Total  Ireland     . 

Total  United  Kingdom 

Traravv 

ay  work 

elfast  St 

reetT 

ram  way 

Compa 

nyj^and 

1,149 

36 

■  ■  • 

272 

■  ■• 

36 

30 

«57 

223,858 

23,925 

4,925 

59,146 

1.954 

7,540 

9.015 

46,417 

;.,2i4t743 

166,330 

121,417 

854,226 

45,692 

134,085 

113,959 

661,786 
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n 

i 

z 

Working  .Lock.     1 

Totid. 

II 

■5   . 
IJ 

Cabk 

;:: 

ii 

76 

» 

£ 

6.6q. 
68,94: 

196.49 

1,46! 

3 

'SS" 

■';;S 

46!95° 

.76 

49.78J 

",.S9 

..,„.,..,, 

1,635,35 

690 

87 

9" 

.,9«; 

60 

»69,;8^ 

66,08, 

>9 

6 

78 

58^ 

■33.5?; 
"a.138 

i 

5 

'? 

6,9s< 
99,8'l 

"'1 

19".JW 
*3.94? 

i8o,B8l 
'  8( 

I.O* 

<a 

"""■j 

~6, 

63.9" 

i6,io( 

I 

. 

1 

5 

B64 

ie< 

65,1.6 

30.917 

« 

9 

l»,S63 

J..96o,8.5 

4.571,94= 

1.91a 

» 

34a 

4. 

^,o.,8cc 

8  ",94  J 

5Aj69-3.t 

^1..74.9..| 

"7,7.9 

575 

3,«« 
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Table  No.  4. — Total  Working  Expenditure  on  all  the 

Tramways  of  the  United  Kingdom  for  the  Years 

ENDING  June  30, 1890,  and  June  30,  i88o.* 


For  jrear  ending  Jnne  30. 


Items. 


Maintenance  of  way  and 

^VO&KB  ■••       •■•       •••       «•« 

Locomotive  power    

Honini^,  or  animal  power 
Repair   and    renewal    of 

engines 

Repair    and  renewal    of 

^  AA  V      ••«       «•■        ■■«       •••       ••• 

Renewal  of  hones    

TraflBc  expenses        

Direction     and    manage- 

uiCDfc     ■■•       ■••       •••       ••«       •«• 

Rent  of  tramways  (offices, 
stables,  and  sheds) 

Rates,  taxes,  and  turn- 
pike tolls 

Compensation  for  per- 
sonal injury     

Legal  and  parliamentary 

Sundry  ... 


1890. 


Working 
expendi- 
ture. 


Per 
mile 
open. 


.••    .•• 


Totals 


••#       •«• 


166,330 
isr,4i7 
854,226 

45*692 

"3.959 
134,085 
661,786 

79,286 

40,078 

67,987 

27,972 

9,241 
80,741 


Percent, 
of  total 
expendi- 
ture. 


z88a 


Working 
expendi- 
ture. 


176 
129 
903 

49 

zio 

143 
702 

84 

42 

72 

29 
zo 
86 


2,402,800       2,535 


Per  cent. 

6-93 
506 

3559 
Z-90 

4-75 

5'59 

27*57 

3*30 
z*67 

2-83 

z-o6 

•38 
3-36 


ZCO'OO 


Per 

mile 

open. 


Percent, 
of  total 
expendi- 
ture. 


65,466 

3.189 

501,506 


48,947 

299,Z2Z 

43,109 

40.525 

39,782 

io,«45 

15.853 
45o5x 


Per  ccnt- 


178 

9 

1,363 


Z33 

8U 
ZZ7 
zzo 

X08 


I 


x,zx3,o94 


28 

43 
123 

3,024 

5-88 

•29 

45*05 


4'40 

2687 

3*88 
3*64 
3*57 

•92 
x*42 

4-07 


ZOO'OO 


In  1869 — 71  the  North  Metropolitan  and  the  tramways  consti- 
tuting the  London  Tramways  Company  were  authorised  to  lay 
various  lines  in  the  north,  south,  and  east  of  London.  In  the 
beginning  of  1873  a  total  length  of  42  miles  of  tramway  had 
been  opened  in  the  streets  of  the  metropolis  ;  the  length  was 
increased  to  61  miles  in  1876,  and  to  120  miles  in  1891. 

Acts  were  applied  for  and  obtained,  authorising  the  construction 
of  tramways  in  many  cities  and  towns  in  the  provinces ;  and  at 
June  30,  1892,  the  lengths  of  line  open  for  pubHc  traffic  were: — 


England  and  Wales 
Scotland     . 
Ireland 


United  Elingdom 


Miles  open, 
June  30,  Z892. 

84 
112 

946 


•  For  the  Total  Working  Expenditure  for  the  year  ending  June 
30,  1893,  see  Appendix  C  (p.  729). 
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Nearly  i,ooo  miles,  or  an  average  oi  43  miles  per  year  for  twenty- 
two  years.  From  this  remarkable  expansion  of  tramway  lines  to 
meet  the  wants  of  the  public,  one  is  prepared  to  find  that  tramway 
conveyance  has  been  correspondingly  developed.  It  has  been 
estimated  that  in  London  alone  200,000,000  of  tramway  pas- 
sengers were  conveyed  in  the  year  1891.  The  relative  importance 
of  this  volume  of  traffic  is  indicated  by  the  following  gross 
totals : — 

Metropolitan  Traffic  :— Passengers,  1891. 

327  millions. 


Railway  passengers 

Omnibus 

Tramway 

Cab  and  steamer  passengers 

Total 


»» 


yy 


200 

200 

50 


f  f 


»» 


>f 


Tl*j  millions. 


Showing  that  upwards  of  one-fourth  oi  the  whole  metropolitan 
passenger  traffic  was  conveyed  by  tramways :  a  traffic  which  has 
sprang  into  existence  in  the  course  of  about  twenty  years. 

Nevertheless,  there  are  signs  of  an  abatement  of  the  expansion 
of  traffic  in  the  tramway  systems  of  the  country,  taken  together, 
in  the  following  returns  for  the  years  1891  and  1892  : — 


Year  endinf^  . 


Total  capital  expended . 
Length  of  line  open  for  public 

traffic. 
Number  of  horses  . 
Number  of  locomotives  . 
Number  of  cars 
Total  number  of  passengers 

carried 
Number  of  miles  run  by  cars 
Gross  receipts 
Working  expenses 
Do.  per  cent,  of  gross  receipts 
Net  receipts  .  .  .  . 
Do.  per  cent,  of  gross  receipts 


June  30,  z89X' 


;fl4,l62,650 

963  miles 
29,012 

579 
4,067 

565,621,478 

67»934»oo4 
;f  3 ,429,686 

70-5 

£79^^577 

23*5 


June  30, 1892. 


£13*^70,23^ 

946  miles 
29,699 

534 
4,020 

581,678,546 
70,018,365 

£3^53^  A3^ 

;^2.»53»356 

8o-8 

£(>7^f07s 
19*2 


Increase 

or 
decrease. 


Per  cent. 

-  2*0 

-  1-8 
+  2'3 

-  7-8 


+ 
+ 
+ 

+ 


2*9 

3-0 


-  15*0 


E 
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In  this  statement  it  appears  that  though  the  car  mileage  run, 
the  number  of  passengers,  and  the  gross  receipts  in  the  year 
ended  June  30,  1892,  were  greater  than  in  the  previous  year, 
yet  there  was  a  reduction  of  the  net  receipts.  There  was  actually 
a  decrease  of  17  miles  in  the  length  of  line  open  for  public  traffic. 
The  number  of  horses  is  somewhat  larger,  but  locomotives  are 
fewer  by  forty-five  and  cars  by  forty- seven.  The  amount  of 
capital  has  also  shrunk :  by  transfer  of  old  undertakings  to  new 
with  reduced  capital. 

The  tramways  of  London  taken  together  supply  instances  01 
very  various  lengths  and  costs.  They  embrace  a  total  length  of 
over  130  miles,  of  which  127  J  miles  were  open  for  traffic  at  June 
30,  189T,  as  detailed  in  the  following  Table,  No.  5: — 


TRAMH^'AYS  AV  LONDON. 
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CHAPTER  II, 

CAPITAL,  RECEIPTS,  6-   WORKING  EXPENDITURE 
OF  THE  NORTH  METROPOLITAN  TRAMWAYS. 

Th£  North  Metropolitan  Tramways  is  the  largest  sjrstem  in  the 
United  Kingdom,  49  miles  in  length ;  next  in  order  of  length 
being  the  Bury  system,  33}  miles,  the  Dublin  United,  about  33 
miles,  and  the  Glasgow  Corporation,  about  30^  miles  in  length. 
The  receipts  are  one-fifteenth  of  the  total  receipts  for  the  tram- 
ways of  the  United  Kingdom.  The  North  Metropolitan  was 
opened  on  May  9,  1870.  The  horse  power  was  hired  firom  the 
London  General  Omnibus  Company.  The  sum  of  6Jd.  per  mile 
run  by  cars  was  paid  for  horse  hire,  which  included  the  cost  for 
maintenance,  wear  and  tear,  and  renewal  of  horses,  wages  of 
keepers,  rent  of  stables,  and  harness.  In  short,  as  Mr.  Hopkins, 
the  engineer  to  the  Company,  briefly  put  it,  the  horses  were 
brought  to  the  cars,  harnessed,  and  worked  for  6id.  per  mile  run. 
This  contract  was  terminated  at  the  end  of  June,  1878,  when  the 
Tramway  Company  conmienced  to  work  the  traffic  with  a  stock 
of  horses  of  their  own.  Under  the  contract  each  car  on  duty 
generally  performed  70  miles-run  per  day,  and  required  an  active 
stud  of  eleven  horses,  of  which  five  pairs  were  on  duty  with  the 
car  daily,  leaving  one  spare  horse.  By  the  terms  of  the  contract 
each  pair  of  horses  was  not  to  work  less  than  14  miles  nor  more 
than  16  miles  in  one  day.  For  five  pairs  of  horses  the  mileage 
traversed  was  from  70  to  75  miles  per  day,  or,  for  5^  pairs  of 
horses,  i2i  miles  per  pair  per  day.  Horses  were  put  to  the  work 
at  five  years  of  age,  and  the  "  life  "  of  a  horse  on  tramway  work, 
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according  to  Mr.  A.  G.  Church,  who  was  Secretary  and  Manager 
of  the  Omnibus  Company,  was  four  years. 

The  state  of  the  total  capital  expenditure  at  the  ends  of  the 
three  years  1889,  1890,  and  1891  was  as  follows,  showing  an 
expenditure  at  the  rate  of  upwards  of  ;£3 1,000  per  mile  open : — 

Capital  Expenditure,  1889 — 1891. 


Year. 


Miles 

open  at  \ 

;Dec.  31. 1 


Lands, 

buildings, 

way,  &c. 


1889 
1890 
189I 


I 


41  1.127,153 
41  1,174,711 
49         1,213,014 


Working 
stock. 


Horses. 


60,550       116,983 

62,830  !  124,791 

66,430    I  133,032 


Total. 


1,304,686 

1,362,332 
1,412,476 


Total  _ 
mile  open. 

31,021 
33»227 
3^388 


In  October,  1891,  the  purchase  of  the  North  London  Tram- 
ways by  the  North  Metropolitan  Company  was  sanctioned  by  the 
shareholders,  so  bringing  up  the  working  length  of  the  system 
from  41  miles  to  49  miles. 

The  way,  49  miles  in  length,  was  double  line,  with  the  excep- 
tion of  4f  miles  of  single  way,  at  the  end  of  1891. 

The  return  of  working  stock,  as  at  December  31,  1891,  was  as 
follows : — 


Rolling  Stock  and  Horses,  December  31, 

1891. 

Fully  equipped  street  cars  to  carry  52  passengers  each 

.    35 

»»               50               »> 

.      4 

,.                          „              46               ,» 

.  271 

„                          •»               40 

.    62 

M               20               ,, 

•      4 

376 

Onmibuses  to  carry  26  passengers  each 12 

Carts,  traps,  vans,  and  trolleys 64 

Water-carts 25 

Forage  vans 10 

Brakes 2 

Horse  conveyances ...  2 


Horses 


Total  rolling  stock 491 

3,587 
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It  appears  that  much  the  greatest  number  of  the  cars — 72  per 
cent. — were  constructed  to  casry  46  passengers  each.  Next  in 
numerical  order  are  the  cars  for  holding  40  passengers — i6i  per 
cent. 

The  number  of  cars  per  mile  open  was  7 '6  7. 

The  numbers  of  cars  in  good  order  and  under  repair  in  the 
three  years  1889 — 91  were  as  follows : — 

Cars  in  1889-91. 


Year. 

In  good  order 
at  Dec.  31. 

Under  repair                 Total  to 
at  Dec.  31.                   Dec.  31. 

1889 
1            1890 
1           189I 

322 
336 
355 

20  342 
16                               352 

21  376 

Averages 

338,  or  947  7^ 

I9»  or  5-3  7o              357 

Ten  years  earlier  88  per  cent,  of  the  existmg  stock  at  that  time 
were  in  good  order,  and  i2  per  cent,  were  under  repair.  Twenty 
cars  were  purchased  at  the  rate  of  ^150  each. 

The  stock  of  horses  required  to  work  the  traffic  numbered  3,587 
at  December  31,  1891 ;  or  at  the  rate  of  73*20  horses  per  mile 
open.     The  disposition  of  the  horses  was  as  follows : — 

Horses  at  the  Ends  of  the  last  Six  Half-years  to 

December,  1891. 


End  of 
half-year. 

In  fifood 
condition. 

Sick. 

Lame 

1 

1 

Total. 

Died  in 
i-year. 

Sold  in 
i-year. 

To- 
g«ther. 

una,  1889 

3*^^7 

21 

lOI 

3.149     1 

118 

123 

241 

;  Dec,  1889 

2,963 

58 

1      105 

3.126 

176 

"5 

291 

June,  1890 

3.239 

24 

83 

3.346     1 

156 

134 

290 

Dec,  1890 

3M7 

V 

III 

3.355     i 

214 

109 

323 

June,  1 89 1 

3.444 

60 

86 

3^5^ 

243 

69 

312 

Dec,  1891 

3i386 

59 

142 

3.587 

315 



204 

95 

410 

Averages 

3»20I 

53 

105 

3.359    ; 

107 

311 

It  is  seen  that  of  the  average  total  number  of  horses,  95*3  per 
cent,  were  in  good  condition,  and  47  per  cent,  disabled :  say,  in 
round  numbers,  95  per  cent,  and  5  per  cent,  respectively. 
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With  respect  to  renewals  of  horses  it  may  be  taken,  for  purposes 
of  calculation,  that  the  horses  provided  for  the  augmentation  of  the 
stock  in  the  course  of  the  three  years,  from  3,149  to  3,587,  by  438 
horses,  lived  through  this  short  period ;  and  on  this  assumption 
the  total  deaths  and  sales  of  horses,  as  shown  in  the  statement, 
1,867  in  mmiber,  are  to  be  charged  to  the  normal  number  of 
horses,  3,149.  They  make  59  per  cent,  of  this  number  for  three 
years'  work,  or  20  per  cent,  per  year.  At  this  rate  the  stock  is 
entirely  replaced  in  the  course  of  five  years,  indicating  that  the 
working  life  of  the  stock  is  five  years.  Four  hundred  and  seven 
horses  were  purchased  at  the  average  rate  of  ;£36  los.  each. 

The  miles  run  by  cars,  the  receipts,  and  the  number  of  passen- 
gers are  stated  in  the  following  tablets  : — 

Miles  run.  Receipts,  Passengers,  in  the  Three  Years 

1889— 1 89 1. 


1889 
1890 
189 1 


Year. 


Miles  run 
by  cars. 


Receipts 
from  traffic. 


Sundf}' 
receipts. 


7.101,107 
7,366,668 

7'523»879 


380,497 
399»6q9 

4i4»3i3 


12,716 
id.,986 

10,515 


Total 
receipts. 


£ 
393»2i3 
414.685 

430,828 


Per  cent, 
of  capital 
expended. 


Per  cent. 
30-1 

304 
30-5 


Year. 


Average  length 
of  waf  open 


Receipts 

per  average 

mile  open. 


Receipts 

per  mile  per 

week. 


Receipts        Receipts  per 
per  car.  mile  run. 


Numb<sr  of  Passengers.                        Receipts  from  passengers. 

Year. 

1 

Total. 

Per  car.            ^«^,«»'1«      \        Total, 
run.          { 

Per 
passenger. 

1889 
1890 
189I 

66,458,568 
72,061,532 

75.323^550 

194.323            9*4 
204,720    1        9*8 

200,329          10*05 

380,497 

399^699 
414*313 

d. 
274 
2-64 
2-64 
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The  working  expenditure  for  the  three  years  1889 — 91  is  given 
in  the  annexed  tablet  The  last  two  columns  are  added  to  show 
the  several  expenses  in  parts  of  the  total  expenditure  in  1891,  with 
the  costs  per  mile  run  by  cars  for  each  item. 

Working  Expenditure,  1889 — 91. 


1 

1891. 

Item* 

1889. 

Z89OU                  Z891. 

Propor- 
tionAl  parts 
of  toUl 
expendi- 
ture. 

I89X. 

Expendi- 
1    tnreper 
mile  run. 

Direct  Expbmditure. 

£ 

£       i       £ 

Percent. 

Pence. 

Running  expenses: — 

Horsing 

130,226 

137,250 

160,244 

46-34 

4*85 

Wages  of  drivers 

and  pole-shifters 

3i»374 

34.780 

38,004 

12-56 

V2l 

Repair  of  cars 

10.732 

10.114 

10,545 

3-55 

'33 

Maintenance  of  way 

25.172 

29,369 

25.090 

8-50 

•80 

Traffic  charges 

49.239 

53.861 

60,046 

17*95 

1-91 

General  charges    . 

!     9.021 

1    9.440  :   11.367 

3*59 

•36 

Rent 

Direct 

2,916 

1 

3,111       2,852 

•84 
93  33 

•09 

!  258.680 

.277,925    308,148 

9*55 

CONTIMGSMT  EXPENDITURE. 

1              I 

1                ' 

1                1 

Rates  and  taxes 

10,609 

10,933     13,179 

3*94 

1       "42     1 

Licenses  and  excise 

1 

duties   • 

1,235 

970         983 

•29 

,       -03 

Compensation  and 

law  charges . 
Contingent 

9.791 

7.951 
19.854 

8.504 

2-44 
6-67 

i       '^7 

18.635 

22,666 

"J2 

Total  Expenditure    . 

277  ^^h 

297,779 

1 
330,814 

1 00-00 

10*27 

Do.  per  mile  open  . 

6,764 

7.263 

7x351 

^— 

— 

d. 

d. 

d. 

Do.  per  mile  run 

9*39    ' 

8-34 

10*37   1 

— 

— 

Do.  per  cent,  of  re- 

1 

ceipts  . 

70-567o 

7i79°/c 

7^'oo^U 

1 

— — 

The  comparatively  high  rate  of  expenditure  in  1891  was  due  to 
the  rise  in  the  price  of  forage,  increase  of  wages,  and  unfavoiirable 
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weather.     The  running  expenses  for  the  last  half-year  are  detailed 
as  follows  : — 


Running  Expenses,  Half-year  December,  1891. 


8,928^  quarters  @  28 
16,695  »»  ®  17 
1,243  »»  @34 
1,230  cwts.  @  5 
2,604^  quarters  ©32 
2,829^  loads  @  66 
810J     „  @34 


Maize  . 
Oats  . 
Beans  . 
Bran  . 
Peas  . 
Hay  . 
Straw  . 
Moss  htter 
Sundries 
Barring 


Stable  wages  and  expenses 
Granary  wages  and  expenses 
Repairs  to  harness 
Shoeing       .... 
Horse  depreciation  and  renewal 
Electric  haulage  . 


8. 


d. 
li 
lOi 

5* 
9 
04 
oi 

8i 


Drivers  and  pole-shifters'  wages 


£ 

i2>549 

14,906 

2,140 

354 

4»i73 

9.346 

1,408 

1.339 

151 

637 

Per  mile  run. 

47»oo3 

=  2-89d. 

16,481 

—    I'Ol 

2.943 

=  o-i8 

1,448 

=  0-09 

l^-^^l 

=  0-19 

14,209 

=  087 

879 

=  0-05 

86,088 

=  5*31 

21,013 

=  129 

107,101 

=  6 '60 

The  item  of  horse  depreciation  and  renewal  is  constituted  in 
this  way : — The  loss  on  315  deaths  was  ;^i  1,683,  less  the  amount 
received  for  carcases,  ;^474 ;  say,  ^11,209.  The  loss  on  95 
cast  horses  sold  was  ;^3,523,  less  ^523  the  "scrap  value,"  the 
net  amount  received  for  the  same,  leaving  ;^3,ooo.  The  sum  of 
the  losses  is  ;£^i4,209  for  410  horses. 

The  receipts  for  manure  during  the  half-year  were  ;^5i2,  and 
deducting  this  sum  from  the  cost  for  forage,  leaving  ;f  46,491,  the 
horsing  expenses  per  horse  are  as  follows,  taking  for  divisor  the 
mean  of  the  numbers  of  horses  at  June  30  and  December  31, 1891, 
say,  3,5^9  horses :— 
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Horsing  Expenses  per  Horse  per  Week  in  Half-year 

December,  1891. 


Per  horse. 


Provender    . 

Stable  wages  and  expenses 

Granary     „  „ 

Repairs  to  harness 

Shoeing 

Loss  by  depreciation  and  renewals 

Total  actual  cost 


Half-year  ending 
Dec.  jxst,  x8qi. 

Per  week. 

£      s.     d. 

s.     d. 

12    19      I 

9   Ili 

4    II    10 

3     6" 

0  16    4 

7i 

087 

4 

0  17    5 

8 

3  19    2 

3     0 

23    12      5 


18 


Showing  that  the  cost  for  horsing  was  upwards  of  ^^23  in  the  half- 
ytai,  or  ^^47  in  the  year,  per  horse,  or  i8s.  per  week  per  horse. 

With  respect  to  the  cost  for  repair  and  maintenance  of  cars, 
particulars  of  which  with  mileage-run  are  subjoined,  it  appears 
that  the  average  annual  mileage-run  is,  say,  20,000  miles  per 
car,  or  57  miles  per  day;  and  that  the  average  annual  cost  for 
maintenance  and  repair  is  about  £30  per  car,  or  •34d.,  say  Jd., 
per  mile  run. 


Mileage-run  and 

Repair  of  Cars,  1889- 

--91. 

1 

Year. 

Average 

number  of 

cars. 

Miles  run  by  cars. 

Cost  for  repairs. 

Total. 

Per  car. 

1 

Per          Per     1 

Total.     '^f3^i' 

Total.     *     car.         mile 
j                     run. 

1 
1 

1889 
1890 
189I 

Cars. 
338 

347 
366 

Miles. 
7,101,107 
7,366,668 

7*523^^79 

Miles.         Miles. 
21,009     57-55 
21,229     58*16 

20,557    '56*32 

£ 
10,732 
10.114 

10,545 

1 
£         Pence.  | 

3i-3«      -36  ! 
28-73      '33 
28-04      -33  1 

Averag 

es 

20,930    57*34 

"" 

1 
29*38      '34 

With  respect  to  maintenance  of  way,  of  which  particulars  of  cost 
are  given  in  the  annexed  tablet,  the  way  has  been  and  is  in  course 
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of  reconstruction  with,  steel  girder  rails,  and  these  expenses  are 
taken  as  fSaurly  measuring  the  cost  for  maintenance  and  renewal  in 
perpetuity. 

Maintenance  and  Renewal  of  Way,  1889—91. 


Year. 

1 

Average 
length  open. 

Cost  for  maintenance  and  renewal  of  way. 

• 
Total. 

Per  mile     \  Per  sq.  yard 
of  way.       1      of  way.* 

Per  mile  run 
by  cars. 

Miles. 

1889  41 

1890  1           41 

1891  1           45 

25»I72 
29,369 
25,090 

£                   Pence. 

614                 1475 
716                 17-18 

558                 13*39 

Pence. 

•85 

Averages .         — 

1 

— 

629             i5'ii 

•86 

*  Allowing  xOyOOO  square  yards  per  lineal  mile. 


It  thus  appears  that  the  cost  for  maintenance  and  renewal 
averages,  say,  ;;^63o  per  mile  per  year,  or  i5d.  per  square  yard  of 
way,  or  •86d.  or  ^d.  per  mile,  run  by  cars. 

The  Barking  Road  section  of  the  tramways  has  been  worked 
since  the  middle  of  1889  by  electric  traction,  under  a  contract 
made  with  the  General  Electric  Power  and  Traction  Company, 
who  work  the  line  at  a  charge  of  4id.  per  mile  run,  in  which  the 
wages  of  drivers  are  included.  The  Barking  Road  section  is  a 
short  single  line  of  way,  with  loops,  requiring  only  a  low  mileage- 
nin  with  a  small  number  of  cars.  It  does  not  offer  such  facilities 
for  economy  of  working  as  would  be  available  on  a  longer  line. 
Even  so,  the  given  rate  is  less  than  the  average  cost  per  mile  for 
hoise  traction.  At  the  end  of  1889  the  electric  cars  had  run 
34,366  miles,  having  carried  469,095  passengers.  In  the  year 
1890  they  ran  77,841  miles,  and  in  1891  they  ran  76,398  miles. 
They  ceased  running  in  1892,  There  were  five  electric  cars, 
which  ran  300  miles  daily,  or  60  miles  per  car,  with  one  change  of 
accumulators. 


CHAPTER  III. 

CAPITALy  RECEIPTS,  AND   WORKING  EXPENDI- 
TURE OF  THE  LONDON  TRAMWAVS. 


The  London  Tramways  were  opened  in  1871.  The  horsing 
was  done  by  the  Company  themselves,  except  the  horse  power  for 
the  Brixton  and  Clapham  lines,  and  for  other  services,  which  was 
supplied  by  the  London  General  Omnibus  Company  until  the 
middle  of  1873,  when  the  Tramway  Company  proceeded  to  horse 
the  whole  of  the  traffic  themselves. 

The  amounts  of  capital  expenditure  are  stated  for  the  three 
years  1889 — 1891,  as  follows  : — 

Capital  Expenditure,  1889 — 91. 


Yeax«. 


Miles  open 

at  December 

31. 


1889 
1890 
1891 


2lt 

5| 


22^ 


Capital  expenditure  at  December  3x. 
Total. 


Per  mile. 


593*364 
636,580 

735.364 


£ 
27,448 

28,010 

32.502 


The  details  of  the  adjusted  expenditure  on  capital  account  at 
December  31,  1891,  are  as  follows : — 


Capital  Expenditure  at  December  31,  1891. 

Per  mile. 
£  £ 

Tram  ways  Opened  for  traffic  334.360    or    14,778 

Property  and  buildings  .        208,378     ,,      9,210 

Rolling  stock  54,200    ,,      2,396 
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Horses  and  mules 

"7.334 

Per  mile 

£ 
or      5,185 

Machinery  and  plant 

16,130 

7n 

Harness  and  equipments   . 

3.765 

166 

Office  furniture  . 

644 

29 

Advertising  plant 

551 

24 

735.362 

,.    32,501 

The  stock  of  cars  and  omnibuses  was  as  follows,  showing  that 
the  one-horse  cars  were  not  increased  in  number,  whilst  the  number 
of  pair-horse  cars  was  increased  about  30  per  cent. : — 


Cars  and  Omnibuses. 


Pair-hone        One-horse 
At                                cars.                 cars. 

1 

Omnibuses.          Total. 

1 

June,  1889  . 
Dec     „     . 
June,  1890  . 
Dec.     ,,     . 
June,  1891  . 
Dec.     „     . 

201              24 
206      1        24 
230              25 
233      '        25 
238              25 
258              25 

1 

29 
29 

37 

38 
37 

254 

259 
292 

295 

301 
320 

Horses  and  Mules. 


At 

Horses  and 
mules. 

Added  during 
half-year. 

Sold. 

Unfit  for 
work. 

Tune,  1889    . 
Dec.     „ 
June,  1890    . 
Dec.      ,, 
June,  1891     . 
Dec.      „      . 

2,706 
2,840 

3.2II 
3.226 

3.287 

3.451 

307 

351 

611 

301 
312 

392 

195 
217 

240 

286 

251 
228 

42 

98 

132 

84 

71 

Average       .        .     '       3,120 

1 

379 

236             82 

On  the  basis  of  a  stock  of  2,706  horses  and  mules  in  June, 
1889,  as  explained  in  the  preceding  chapter,  it  appears  that  236 
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per  half-year,  or  472  per  year,  were  sold  and  renewed  out  of 
"  additions,"  and  the  average  life  thus  indicated  was  (2,706  -f- 
472  =)  57  years. 

The  miles  run  by  cars,  the  receipts,  and  the  numbers  of  pas- 
sengers, are  subjoined : — 


Miles  run,  Receipts,  and  Passengers,  1889—91. 


V*,..                Miles  run 
Y«*'-                 by  cars. 

Receipts 
from  traffic. 

Sundry             Total 
Receipts.        receipts. 

1 
Per  cent,      i 
of  capital     1 
expended. 

1889 
1890 
189I 

6,468,224 

7,248,591 
7755,898 

£ 
280,418 

312,098 

312,767 

£                    £ 
3,036          283,454 

4,364          316,462 

4,819          317,586 

per  cent. 

48-9 

5«-4    -  . 
486 

1 

Year. 

Average    '    '  Receipts  ^r 
length  of       average  mile 
way  open.  |           open. 

Per  mile 
per  week. 

Per  car. 

Per  mile 
run. 

1889 
1890 
189I 

Miles.      '             £ 

20f                  13,743 
21^               14,415 
22i'y      1          14,154 

264-3 
272*2 

£ 
1,105 

1,078 

1,023 

d. 
10*36 

10*45 

977 

1891     ,    Receipts  per  car  on  duty  (average  303)  =  ;^i  ,032. 

1 

Year. 


1889 
1890 
189I 


189I 


Number  of  passengers. 


Total. 


Per  car. 


57,787,921 
62,584,016 

63,588,485 


225,294 
213,232 

204793 


Per  mile 
run. 


8*96 

8-48 

8*i6 


Receipts  from  passengers. 


Total. 


£ 
280,418 

312,098 

312,767 


Per  pas< 
senger. 


£ 
i'i6 

1*19 

1*19 


Number  of  passengers  per  car  running  (av.  303)  «=  209,863 
Do.  per  car  per  day  of  365  =  575 
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The  working  expenditure  for  the  three  years  1889-91,  here 
annexed,  is  given  according  to  the  classification  of  accounts 
followed  by  the  tramway  company.  The  statement  is  here  followed 
by  abstracts  of  the  horsing  expenses  and  the  traffic  expenses.  The 
wages  of  drivers  and  pole-shifters  are  charged  as  traffic  expenses, 
not  running  expenses,  as  is  done  by  the  North  Metropolitan 
Company. 


Working  Expenditure,  1889—91. 


Items. 


Horsing  expenses  . 
Traffic  expenses 
General  expenses  . 

.  Rates  on  way 

,  Repairs  and  renewals- 
Income  tax 


Totals 
Do.  per  mile  open 
Do.  per  mile  run  . 
Do.  per  cent,  of  receipts 


z88g. 


103,222 
71,264 

7i86i 
1,681 

30»949 
1,656 


216,633 
10,503 

8*02^. 

7o7o 


1890. 

2891. 

/ 

£ 

116,037 

133.058 

80,791 

90,929 

6,096 

7,116 

2,057 

2,044 

30,283 

29.438 

1,626 

1,658 

236,890 

264,243 

10.796 

11,804 

7-83^. 

8-07^. 

74r 

827o 

i8qi. 
Propor- 
tional 
parts  of 
total  ex- 
pendi* 
ture. 


per  cent. 

50-39 
3476 

2-66 

•78 

I0'99 

•42 


1891. 

Expen-  I 
diture 
per  mile 
run.     I 


100*00 


Pence. 

4*09 
2*09 

•24 

•07 
•96 

•05 


7 '44 


Horsing  Expenses,  Half-year,  December,  1891. 


s. 

d. 

£ 

Maize . 

10,058^  quarters  @  29 

3 

14,711 

Oats 

8,966        ,,         @  21 

lOj 

9,810 

Beans 

1^     .   M         @35 

3* 

127 

Peas 

919        -         @34 

oi 

1.565 

Lentils 

i.533i      M         @  29 

2 

2,239 

Bran 

3,507!    cwts.    @    5 

3* 

927 

Hay  and  clover  . 

3i635i    loads    @  63 

5J 

11.538 

Straw 

393*      M         @32 

5* 

639 

Carried  forward    . 

• 

^4i.«^.«^6 
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Sawdust 
Sundries 


Brought  forward  • 
48,851  sacks   @   10^. 


Granary  wages   . 
Horsekeeper's  wages . 
Shoeing       .... 
Veterinary  attendance 
Rent,  rates  and  taxes  of  stables 
Rent,  rates  and  taxes  of  granary 
Repairs  to  stables 
Sundry  stable  expenses 
Horse  renewal    . 


Less  manure 


£ 
41*556 
2,164 

409 

Per  mile  run 

44»i29 

1,187 
13,708 

2,758 

= 

2-57d. 
•06 
•80 

•17 

491 

= 

•02 

2.305 

= 

•16 

250 

zsz 

•01 

127 

= 

•01 

434 
4.456 

ss 

•02 
•25 

69,845  =  4.07 

139   =      -01 


69,706  =  4*o6 


Horsing  Expenses  per  Horse  per  Week,  Half-year 

December,  1891. 


Per  horse. 

Half-year  ending 
Dec.  31,  1891. 

Per  week. 

Provender 

Granary  wages 

Horsekeepers  wages .... 

Shoeing 

Veterinary  attendance 

Rent,  rates,  and  taxes  of  stables 

Rent,  rates  and  taxes  of  granary 

Repairs  to  stables      .... 

Sundry  stable  expenses 

Horse  renewal 

Total 

Less  manure 

^       8.     d. 
066 

3  19    6 
0  15  II 
0    2  10 

0  13    4 

0  I     5 
007 

026 

1  5  10 

s.     d. 
9   10 

0     3 

3    oi 
0    7i 

°  l^ 

0    6 
0    oj 
0    oi 

0  ij 

1  2 

20    4    0 
0    0    9i 

0    oj 

20      3      2j 

15    74 
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Traffic  Expenses,  Half-year  December,  1891. 


Drivers*  and  conductors'  wages 

Pole-turners  and  pointsmen 

Traffic  superintendence 

Timekeepers*  wages    . 

Rents,  rates  and  taxes  of  car-sheds,  workshops, 

and  offices 
Car  lighting  and  oiling 
Car  washing 
Track  cleaning    . 
Tickets 

Traffic,  stationery,  printing,  waybills,  &c.  . 
Traffic  raanager,  cashiers,  clerks,  punch  foremen 

cash  collectors,  &c. 
Ticket  check 
Salt  and  sand 
Punch  royalty 
Police  licenses  and  excise 
Compensation 


Per  mile  run. 

£ 

pence. 

34^533 

or 

2-04 

794 

}» 

•04 

575 

»> 

■03 

429 

>» 

•02 

2»i93 

M 

•13 

275 

»» 

•01 

i»975 

»> 

•12 

696 

ti 

•04 

607 

»» 

•03 

284 

>f 

•01 

2,060 

)f 

•12 

719 

>l 

•04 

705 

»» 

•04 

500 

»> 

•03 

496 

»> 

•02 

i»497 

»> 

•08 

48.338 


»> 


2-82 


Repairs  and  Renewals,  1889 — qi. 


1889. 

1890. 
£ 

1891. 

^ 

1 

£ 

Permanent  way     . 

12,000 

12,000 

12,000     1 

Rolling  stock 

9,268 

7,684 

6,451 

Leases  renewal  fund     . 

2,750 

3,000 

3,000 

Property  and  buildings 

2,409 

2,201 

1,852 

Machinery,  2o7o  per  annum 

- 

on  expenditure  . 

2,330 

2,909 

3.539 

Harness  and  equipments, 

5o7o  on  expenditure . 

2,018 

2,292 

2,402 

Office  furniture,  10%  on  ex- 

penditure  .... 

67 

65 

68 

Advertising  plant,  20%  on 

expenditure 

109 

131 

124 

Total      .... 

30,951 

30,282 

20,436 

Pence 

Pence 

Pence 

Do.  per  mile  run    . 

1-14 

I -00 

•95 

I 
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Maintenance  of  Way,  1889 — 91. 


Year. 

Average 
length  open. 

Cost  for  maintenance  of  way. 

Amoont. 

Per  mile 
of  way. 

Per  square  yard 
olway.* 

Per  mile  run 
by  cars. 

1889 
1890 
189I 

Miles. 
20} 

2lf| 
22i^ 

5.769 
9.402 

15.296 

£ 

27Q 

682 

Pence. 

699 
10-15 

16-36 

Pence. 
•22 

•31 
•48 

*  Allowtag  zOjOoo  square  yauils  per  lineal  mile. 


Mileage  run  and  Repair  of  Cars,  1889—91. 


Year. 

Average 
number 
of  cars. 

Miles  run  by  cars. 

Cost  for  repairs. 

Number. 

Per  car. 

Per  car 
p«day 
of  365. 

1 

Amount.   Per  car.  ^^J^"* 

1 

1889  256^ 

1890  293 

1891  310} 

6468,224 
7,248,591 
7,855,898 

25.217 
24699 

25.300 

69*07 
67-66 

69*31 

9,267       36- 12 
7,683       26-14 

6,451  :  20-76 

Pence. 

•34 
-25 

•19 

Average         .        .  >  25,072 

68-68 

— 

27*67 

-26 

The  Bill  lodged  by  the  Company  for  the  right  to  employ 
mechanical  power  by  cable  traction  on  the  line  between  Kenning- 
ton  Cross  and  Telford  Avenue,  received  Royal  Assent  in  1890. 
The  line  has  recently  (March,  1393),  been  opened  for  traffic. 


CHAPTER  IV. 

CAPITAL,  RECEIPTS,  AND  WORKING  EXPENDI- 
TURE OF  THE  LONDON  STREET  TRAMWAYS. 

These  tramways  were  first  opened  in  December,  187 1,  with 
4l  miles  of  way.  The  length  of  way  open  at  December  31, 1891, 
was  13^  miles. 

The  horsing  power  was  hired  from  the  London  General  Omnibus 
Company,  from  the  time  of  opening  until  April,  1875,  when  the 
Tramway  Company  acquired  their  own  horses  and  worked  the 
line  themselves. 

The  total  capital  expenditure  at  the  end  of  the  three  years, 
1889 — 91,  was  as  follows  (for  a  length  of  13}  miles — ^about 
;^4o,ooo  per  mile) : — 

Capital  Expenditure,  1889 — 91. 


Yew. 

1889 
1890 
189I 

MUat 
open  at 
Dec.  31. 

i3i 

bnildingB, 
way,  Ac. 

362,168 

364.748 
364,966 

RolUng 
stock. 

Machinery, 
haraetty&c. 

Hones. 

Total. 

Total  per 
mile  open. 

£ 
24,681 

25.539 
25,882 

£ 

2,837 
2,627 

2,380 

£ 

39.535 
40,561 

42,248 

£ 
429,221 

433.475 
435.476 

£  , 
39.928 

40.323 

40,509 

It  is  notable  that  the  capital  expended  per  mile,  on  the  three 

F  2 
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London  companies  just  dealt  with,  vary  in  amount  in  some 
proportion  inversely  as  the  total  lengths  of  way,  thus : — 


North  Metropolitan 
London 
London  Street 


Length  of  way. 

49   miles 

Cost  per  mile 

;^3i.388 

22f      „ 

32,501 

i3i    » 

40,509 

Miles  Run,  Receipts,  Passengers,  in  the  Three  Years 

1889 — 91. 


Year. 

Miles  run  by 
cars. 

Receipts  from        Sundry 
traffic.              receipts. 

Total 
receipts. 

Per  cent, 
of  capital. 

1889 
1890 
189I 

2,392,027 

2,454»354 
2,492,929    ' 

£   ^ 
119,498 

127705 
130,624 

£ 
1,031 

1,442 

1,522 

£ 
120,529 

129,147 

132,146 

28 

30^ 

Year. 


1889 
1890 
189I 


Average  length 
of  way  open. 


Miles. 

i3t 
i3i 


Receipts  |)er 

average  mile 

open. 

9,096 

9»973 


^^y^nl^    '    Receipts 
perw^k"  P--- 


£ 

174-9 
187-8 

191-8 


£ 
1,138 
1,171 

1,146 


Receipts 

per  mile 

run. 


Pence, 
12-09 
12-65 
12*72 


1 

1             « • 

Number  of  passengers. 

Receipts  from  passengers. 

Year. 

Total. 

Per  car. 

Per  mile 
run. 

ToUl. 

Per 

passenger. 

1889 
1890 
1891 

22,720,062 
24,507,126 
24,310,829 

216,381 
224,836 

213^253 

9'4 
9-9 

9*7 

£     , 
119,498 

127705 
130,624 

Pence. 
1*26 
1-25 

1-28 

1 
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Working  Expenditure  1889 — 91. 


Items  of  Expenditure. 


DSBCT  £XPBNDITURB. 

Horsing"  . 

Wages  of  drivers 
and  pole-shifters   . 

Repairs  of  cars 
I       yy       of  buildings 
I  Maintenance  of  way 
\  TraflSc 

General  charges 

Rent,    rates,    and 
taxes  (on  buildings) 

Total  direct . 


1889. 


43,628 

12,025 

3,589 
566 

6,175 

16,981 

6,219 

2,225 


1890. 


96,408 


45,090 

12,845 
3,82 

56 
7,282 

18,311 
6,311 

2,578 


Z69Z. 


Total. 


97»334 


50,025 

13,152 

3747 
600 

7,607 

20,347 
6,271 

2,760 

104,589 


Per  cent,  of  ' 

total 
e]q;»enditure. 


7* 


4493 

11-82 

3*37 

6*90 

18-28 

5*63 

2-48 


Per 
mile 
run. 


Pence. 
5-02 

^'33 

•38 
•06 

77 
2*04 

•63 
•26 


93*95     I  10-49 


;  COKTIMGSNT  ExPBNDrTUHE. 

Income  tax  and  rates 
(on  permanent  way) 
gas  and  water 

Licenses  and  excise 
duties     . 

Compensation  . 

Legal  and  parlia- 
mentary 

Total  contingent  . 


3,900 

413 
1,143 

819 


6,275 


3,943 

4,651 

4-18 

•44 

359 
1,220 

349 
884 

•31 
•80 

•03 
-08 

710 

846 

76 

•08 

6,232 

6,730 

6-05 

•65 

Total  Expbkoiturb 

Per  mile  open  . 

Per  mile  run     . 
Per  cent,  of  receipts 


102,683 
9,552 

d, 
10-25 

857o 


103,566 
9,634 

d, 
10-12 

8o7o 


111,319 
10,355 

d. 

10-68 
847o 


lOO'OO 


II-I4 
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Horses  at  the  Ends  of  the  last  six  Half-years  to 

December  31,  1891. 


End  of  half-year. 

Namber  of 
hones. 

Sold  and 
died. 

Added.     , 

1 

June,  1889         .... 

LI6C,      ,,                          .           •           . 

Tune,  1890         .... 
Dec,    „            .... 
June,  1891         .... 
1  *eCf    .,            .        ■        •        . 

1,110 
1,104 

1. 143 
1. 132 

1. 159 

55 

85 

68 

62 
75 

120 

61      ! 
124      i 

%  1 

93 

Averages 


^^m 
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Running  Expenses  Half-year  December,  1891. 


(^T%.  •.     d. 

Maize 4*425  @  27  11 

Oats 4,302  @  18  7 

Beans 150  (§1  33  6 

Peas 307  @  32  9 

Loads. 

Hay 1,293  @  65    6 

Straw 62  @  33  II 

Cwts. 

Bran 196  ®    5  iij 

Moss  litter 489 

Tares,  oatmeal,  and  sundries         ....  246 

Barging  and  cartage 473 


6,171 
3.991 

503 

4.235 
105 

58 


Less  manure     . 

Stable  foremen,  horsekeepers,  leader  boys, 

watchmen,  and  general  wages 
Granaiy  wages  and  expenses 
Miscellaneous  stable  expenses 
Repairs  to  machineiy 
Veterinary  service  . 
Repairs  to  harness 
Shoeing  • 
Horse  renewals 


16,522 


VO 

Pe 

r  mile  run 

• 

16,427 

d. 

3'i6 

5.078 

» 

•96 

521 

« 

•09 

39 

=E 

•01 

42 

^ 

•01 

145 

= 

•03 

574 
998 

^ 

•09 
•18 

2,410 

ES 

•43 

26,234    =    4-96 
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Horsing  Expenses  per  Horse  per  Week  in  Half-year, 

December,  1891. 


Per  hone. 

Half-year  endlnv 
Dec.  3X8t,i89z. 

Per  week. 

Provender 

Stable  foremen,  horsekeepers,  leader 
boys,  watchmen,  and  general  wagei- 
Granary  wages  and  expenses     . 
Miscellaneous  stable  expenses  . 
Repairs  to  machinery 
Veterinary  service       •        .        .        . 
Repairs  to  harness      .... 

Shoeing 

Horse  renewals 

14     0     I 
467 

0    8  II 
008 
009 
026 
0    9  II 
0  17    0 
2     I     I 

s.       d. 
10    9i 

3    4 
0    4 

0      i 
0      i 
0    I 

I  t 
0  7 

Total  actual  cost 

t 

22    7    6 

16     2i 

Mileage  Run  and  Repairs  of  Cars,  1889—91. 


Year. 

Average 

nnmber  o\ 

can. 

Miles  ran  by  cars. 

Cost  for  repairs. 

Total. 

Per  car. 

Total 

£^ 
3.589 
3.829 

3.748 

Per 
car. 

Per 

mile 
run. 

Pence. 

•35 
•36 

Total. 

Per  day  of 
365- 

1889 
1890 
189I 

Car.. 
105 
109 
114 

Miles. 
2,392,027 

2,454.354 
2,492,929 

Miles. 
22,781 
22,517 
21,868 

Miles. 
62*13 
61*67 

59-88 

33*13 
35-12 

3287 

Averages    . 

22,392 

61*23 

— 

3371 

•36 
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Maintenance  and  Rkxewal  of  Way,  1889— 1891. 


Year. 

Average       _ 

'  length  open. 

Cost  for  maintenance  of  way. 

Per  mile  run 
by  cars. 

r 

Total. 

Per  mile  of 
way. 

Per  square 
vard  otway.* 

1889 
1890 
189I 

Miles. 

£ 

6,175 
7.282 

7,687 

£ 

551 
677 

Pence. 
13-2 

i6-2 

17-1 

Pence. 
•62 

•71           i 

74       , 

*  Allowing  10,000  square  yards  per  lineal  mile. 


The  tramways  in  the  Caledonian  Road  were  reconstructed  with 
steel  girder  rails  in  1889 — 90. 


CHAPTER  V. 

CAPITAL,  RECEIPTS,  AND  WORKING  EXPENDI- 
TURE OF  THE  SOUTH  LONDON  TRAMWAYS. 

The  through  routes  of  these  tramways  were  opened  in  the  course  of 
1884.    The  subjoined  statistics  relate  to  the  years  1889  to  1891 : — 

Capital  Expenditure,  1889— 1891. 


7ear. 


5.? 


1889 
1890 
X891 


•g    - 


■      £ 
«  A ,  303.979 
« A   308,363 

12^0    3a8»6t>7 


• 

m 

ri 

Sf 

.BBS 

e.s  B- 

:5  0. 

.5 
"3 

11 

Pfi 

p;'2 

i:„ 

^0. 

)^ 

14,280 

20,188 

X.856 

13,860 

20,188 

1,812 

14,280 

x,793 

< 


Horses. 


L 

22,195 

150 

21,793 

96 

2I,Z0O 

Rolling  Stock  and  Horses,  1889— 189  i. 


Cars 
Omnibuses 


Horses 


1889. 

1890. 

1891. 

•  • 

•  • 

1        86 
16 

86 
13 

86 
16 

•                  • 

102 
772 

99 
758 

102 
736 
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Horses  at  the  Ends  of  the  Last  Six  Half-years  to 

December  31,  1891. 


Total 
nomber. 

Add«d. 

Sold  and 
died. 

Sick. 

Lame. 

June,  1889 
Dec,    „ 
Tune,  1890 
Dec,    „ 
Tune, 1891 
Dec.    ,, 

764 
772 

788 
73^ 

60 
72 

49 
132 

48 

69 

5^ 

76 
102 
100 

I 

5 

7 

2 

6 

4 

^3 
20 

13 
19 

IS 

Averages . 

7^7          72 

76 

4 

21 

Miles  run,  Receipts,  Passengers,  in  the  three  Years 

1889 — 1891. 


Year. 

Miles  run. 

Receipts 
from  traffic. 

Sundry 
rpcoipts. 

819 

999 
1,178 

Total 
recetpti. 

Per  cent,  of  < 
capital.       < 

1889 
1890 

189I 

1 

^a3^M3 
1.746,074 

£ 
7^132 
73fi22 

75,490 

£ 

71,951 
74,821 
76,668 

19-78  7. 
20-88  7„ 

Year, 


Average 

length  ox  way 

open. 


Receipts  per 

average 

mile  open. 


Receipts 
per  mile 
per  week. 


Receipts 

per  car  and 

omnibus. 


Miles. 

5*077 

£ 

£ 

PfUCC. 

1889 

I2A 

109 

70s 

9'93 

1890 

I2A 

5,800 

111-5 

756 

10-23 

I89I 

12  A 

5.943 

114-3 

751 

10-54 

Receipts 
per  mile  run. 


Year. 

Number  of  passengers.                                   ^^^jjo'^.'^r 

Total. 

Per 

vehicle. 

Per  vehicle 

per  day  of 

365. 

Per  mile 
nin. 

Total. 

Per 
passenger. 

1889 
1890 
189I 

15,671,679 
16,34,010 
16,666,858 

153*644 
166,817 

163,302 

421 

457 
447 

9-01 
9-26 

9"54 

£ 

7i»95i 
74,821 

76,668 

Pence. 

i-io 

I'lO 
I'll 
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The  mileage-run  and  earnings  in  1889  are  given  separately  for 
main-line  cars,  cross-line  cars  and  omnibuses,  and  one-horse  cars, 
as  shown  in  the  following  tablet : — 


Miles  run,  and  Earnings  bt  Cars  and  Omnibuses 

separately,  1 889. 


Vehicles. 


I  Main-line  cars  .... 

Cross-line  cars  and  omnibuses . 

!  One-horse  cars .... 


Total 


Miles  run. 


1,248,691 

394»599 
95.043 


"^^n^^ziz 


Earnings. 


£ 
53,348 

15,945 
i»839 


71,132 


Per  mile  run. 


Pence. 

10*24 
970 
4-64 


io'i6 


Reduced  to  pair-horse  mileage  by  calculating  every  two  miles 
run  by  a  one-horse  vehicle  as  being  equal  to  one  mile  run  by  a 
pair-horse  vehicle. 


Total 


1,690,812 


l^M^ 


10-41 


Working  Expenditure, 

1889— 1 89 1. 

1889. 

1890. 

X891. 

1891. 
Propor- 
tional parts 
of  totaQ  ex- 
penditure. 

1891. 

Expendi- 
ture 

per  mile 
run. 

Horsing  expenses 
Traffic  expenses  . 
General  expenditure    . 
Rates  on  permanent  wax 
Repairs  and  renewals  .' 

£ 

29*715 

21,324 

1,644 

12 

10,268 

£ 
30,020 

23.649 
2,217 

II 
",383 

£           Per  cent. 
36,610        50-91 
24,028  '     33-40 
1,702   i       2-36 
10           — 

9.542       I3'33 

Pence. 

5*05 

3-25 
•24 

1-32 

Total  expenditure  . 

Do.  per  mile  open 

Da  per  mile  run  . 
Do.  per  cent,  of  receipts 

62,963 
4,881 

Pence. 

8-86 
88-4  7o 

67,280 
5.215 

Pence. 

90  7o 

71,901 

5.573 

Pence. 

9-86 
92-4  7o 

1 00-00 

9-86    ! 

76 


STATISTICS  OF  TRAMWAYS. 


Horsing  Expenses,  Half-year,  December,  1891 


(^n,  Buahls. 

s. 

d. 

£ 

Maize 

.    2,427    5  @  30 

9 

►        3.733 

Oats 

•    3.467    0  @  20 

II 

3.629 

Beans 

21     1  %2fi 
Loads.  Tr. 

G 

•            53 

Clover 

249   13  @  64 
Cwts.  Qn, 

IG 

1           809 

Bran 

550     2  @    6 
Vra.   Bus. 

0 

166 

Peas 

100    0  @  36 

Cwts.  Qrs. 

6 

183 

Oatmeal   . 

34    2  @  14 

Lds.  Trs. 

8 

25 

Hay. 

•          488  15   ®  57 

5 

1.405 

Straw 

241    6  @  32 

Tons.  Cwt. 

G 

385 

Moss  Litter 

219      5   @  24 

6 

26Q 

Sundries   . 

«                       •                      •                     • 

.    70 
10,736 

Per  mile  run 
=      2-94^/. 

Granary  wages 

>                       •                       •                      • 

296 

=         -08 

Horsekeepers'  wages 

■                       • 

2,869 

=         -81 

Shoeing    .        .        .        . 

•                      • 

711 

=       -iB 

Veterinary  attendance 

•                       • 

150 

=       -04 

Rent,  rates  and  taxes  of  s 

itables 

690 

=       -18 

Rent,  rates  and  taxes  of  g 

granary 

46 

=         '01 

Sundry  stable  expenses    , 

•        .        4 

125 

=       -03 

Horse  renewal . 

•        • 

3,061 

=      -89 

18,674    =    5*16 

Horsing  Expenses  per  Horse  per  week  in  Half- year, 

December,  1891. 


Per  horse. 

Half-year  ending 

Dec.  31,1891. 

1 

Per  week. 

i;  «    d. 

s. 

cl. 

Provender        .... 

13  18  10    1 

10 

9 

Granary  wages 

079 

0 

3i 

Horsekeepers  wages 

3  14  9 
0  18  5 

2 

i 

Shoeing 

0 

Veterinary  attendance     . 

0  3  10 

0 

If 

Rent,  rates  and  taxes  of  stables    | 

0  17  n      , 

0 

8i 

Rent,  rates  and  taxes  of  granary 

0    I    2      1 

0 

0) 

Sundry  stable  expenses  .        .     | 

0    3    3' 

0 

I; 
Oi 

Horse  renewal         .        .        .     ; 

3  19    4      f 

3 

Total  actual  cost  . 

24    5    3 

18 

7 
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Repairs  and  Renewals,  Half-year,  December,  1891. 

Per  mile  run. 
£  Pence. 

Permanent  way 2,000  =  '52 

Rolling  stock if 476  —  '4° 

Leases  renewal  fund 300  =  '06 

Property  and  buildings 524  =  -14 

Machineiy 95  =  "02 

Kamess  and  equipments 409  —  '08 

Advertising  plant 24  =  'oi 

4,828     =    1-23 


Miles  run,  and  Repairs  of  Cars,  1889— 189 i. 


Average 
number 

of 
Tehicles. 

Miles  run. 

Cost  for  repair?. 

Year. 

Total. 

Per  vehicle. 

Total. 

Per  car. 

Per  mile 

Total. 

Per  day 

of  365. 

run. 

i88q 
1890 
1891 

lOlJ 

99 
102 

Miles. 

1738,333 
1, 757*885 

1.746,074 

Miles. 
17,126 

17758 
17. 118 

Miles. 
46-9 
48-6 
46-8 

10,268 

11,383 
9.542 

lOI'I 
115 

93 '5 

d. 
1-40 

1*51 
1-32 

Maintenance  of  Way,  1889— 189  i. 


Year. 


1889 
1890 
189I 


Average 
length  open. 


Miles. 
I2'9 
12*9 
12*9 


Amount. 


4,000 
5,600 
4,000 


Cost  for  maintenance  of  way. 


Per  mile 
of  way. 


Per  sq.  yard 
of  way.* 


£ 
310 
434 
310 


Pence. 

7*44 
10-41 

7'44 


*  Allowing  xo,ooo  square  yards  per  lineal  mile. 


Per  mile  run 
hy  cars. 


Pence. 

•55 
78 

•54 


The  original  Meakins  way  continues  in  use ;  but  the  Barker  way 
has  been  nearly  all  replaced  by  steel  girder  rails. 


CHAPTER  VI. 

CAPITAL,  RECEIPTS,  AND  WORKING  EXPENDI- 
TURE OF  THE  BIRMINGHAM  CENTRAL 
TRAMWAYS  COMPANY. 

The  operations  of  this  Company  are  conducted  on  the  four 
systems  of  haulage ; — ^by  direct  steam  power,  horse  power,  cable 
power,  and  electric  power;  and  they  aflford  an  opportunity  of 
directly  comparing  the  motive  powers. 

The  Bristol  Road  line  was  reconstructed  and  adapted  in  1890 
for  electric  haulage. 


STEAM  DEPARTMENT. 

Miles  run,  Receipts,  Passengers,  in  the  Two  Years 

1890,  1891. 


Year. 

Milec  ran  by 
can. 

Receipts  from 
traffic. 

Sundry 
receipts. 

Total 
receipts. 

Receipts  per 
mile  run. 

) 

1 

1890 
189I 

1,169,883 
1,184,401 

73i76o 
70.454 

824 
884 

74.584 
77^33^ 

Pence. 

15-38 

i5'64 

Year. 

Number  of  passengers. 

Receipts  from  passengers. 

Total. 

Per  mile  run. 

Total. 

Per  passenger. 

1890  13,797,864 

1 891  14,242,827 

II  80 
12*01 

73*7^ 
76,454 

Pence. 
1*26 
1-28 

BIRMINGHAM  CENTRAL   TRAMWAYS. 
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The  working  expenditure  for  the  two  years  1890  and  1891  is 
given  in  the  following  table.  The  percentages  of  the  several 
expenses  in  parts  of  the  whole  expenditure  in  1891  are  given  in 
the  second  last  column. 

Working  Expenditure  for  the  Two  Years  1890,  1891. 


Item. 

1890. 

Per  mile 
run. 

2891. 

Total. 

Per  cent,  of 

total 
expend!  tore. 

Per  mile 
run. 

Engines 
Car  repairs 
Traffic  expenses . 
Permanent     way 
and  buildings  . 
General  charges . 

Total  expenditure 

£ 
27.319 
'.744 
7,694 

6,402 
4.926 

Pence. 

5'6o 

•36 
1-58 

1*31 
I -01 

31.464 
1,611 

8,294 

7.640 
5.209 

Per  cent. 
58-03 
2-97 
15-29 

14*10 
9-61 

Pence. 

6;38 

1-55 
1-05 

48.085 

9*86 

54,218 

lOO'OO 

10 '99 

Do.  per  cent,  of 
receipts   . 

64  7o 

— 

70  7o 

— 

The  engine  power,  it  is  shown,  monopolises  nearly  one-half  01 
the  whole  working  expenditure.  The  expenditure  on  engine 
power  is  given  in  detail  in  the  following  tablet : — 

Details  of  the  Working  Expenditure  for  Engine 

Power  for  1890,  1891. 


2890. 

l8Qf. 

1 

Total. 

Per  mile  run. 

Total. 

Per  mile  run. 

Wages 
Fuel    . 

Water  and  gas   . 
Stores . 
Sundries     . 

Repairs 

1 

£ 
9.92s 
7.428 

1.093 
1,406 

392 
7.074 

Pence. 

2*04 

1-52 

•22 

:^ 

1*45 

£ 
10,191 

9.357 
1,069 

1,721 
8.786 

Pence. 

2 -06 

1-90 

•22 

•35 

•07 

178 

Total    . 

27,318 

5-60 

31.464 

6-38 

8o 


STATISTICS  OF  TRAMWAYS, 


HORSE   DEPARTMENT. 


Miles  run,  Receipts,  Passengers,  in  the  Two  Years 

1890,  1891. 


Miles  run. 

Omnibuses. 

Tramways. 

Sundry  receipts. 

Year. 

By  cars. 

Bv  omni- 
buses. 

Receipts  Receipts 
from      per  mile 
traffic.        run. 

Receipts  Receipts 
from     i  per  mile 
traffic.  1      run. 

Total 

Do.  per 

mile  run. 

1890 
189I 

i3i»93i 
13^-528 

664,660 
506,196 

27,380 
23*507 

Pence. 

9"94 
iri3 

£ 
5,222 

5.049 

Pence. 
9-46 
9-24 

£ 
721 

Pence. 

•24 

•25 

Year. 


Total  number  of 
passengers. 


Passengers  per 
mile  run. 


Cars. 


Omnibuse<s. 


1890 
189I 


1,068,861 '3,054,266 
1,114,3882,638,028 


Cars. 

8-1 
8-5 


Omni- 
buses. 


4-6 


Receipts  from  passengers. 


Omnibuses. 


Total. 

£ 

27,380 

23,507 


Per  mile 
run. 


Trams. 


Total. 


Per  milt- 
run. 


Pence. 

9-8 

I  I -I 


£ 

5»222 


Penc*> 

9 '5 


5,049         Q-2 


Working  Expenditure  for  the  Years  1890,  1891. 


Per  mile 
run. 

tPoi. 

X890. 

Per  cent. 

Total. 

of  total  ex- 
penditure. 

Per  mile 
run. 

£ 

Pence. 

£ 

.Per  cent. 

Pence. 

Horses,    including  ) 
Forage  and  wages  J 

21,398 

6-45 

19,461 

74-86 

7 '33 

Vehicle  repairs 

1,281 

•39 

1,426 

5-48 

•54 

Traffic  expenses    . 

3»944 

1-19 

3^360 

12-93 

1*26 

Way    and    build- 

ings . 

304 

•09 

362 

1-40 

•14 

General  charges   . 
Total  expenditure . 

1,647 

•49 

1 .392 
26,001 

5-33 

•52 

28,547 

8-6i 

1 00  00 

9^79 

Do.    per    cent,   of 

receipts 

88  7o 

91% 

"~~ 
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Details  of  the  Working  Expenditure  for  Horse 

Power  in  1890,  1891. 


1 

1890. 

189Z. 

Item. 

Total. 

Per  mile 
run. 

ToUl. 

Per  mile 
run. 

£ 

Pence. 

£ 

Pence. 

Wages       .... 

7,211 

2-17 

6.479 

2-44 

Forage  and  bedding 

11, T4^ 
1,026 

I'l^ 

9»273 

372 

Veterinary  and  shoeing    . 

'31 

1,052 

•40 

1    Water  and  gas 

163 

•05 

166 

•06 

Harness  repairs 

402 

•12 

424 

•lb 

Stable  utensils  . 

141 

•04 

116 

'^A 

Sundries    .... 

129 

•30 

199 

Renewals  .... 

Total    . 

• 

1,181 

1,151 

•43 

21,397 

6-45 

19,460 

ri2^ 

CABLE   DEPARTMENT. 

Miles  run,  Rlceipts,  Passengers,  in  the  Two  Years 

1890,  1891. 


1 

Year. 

Miles  nan. 

Receipts  from 
traffic. 

Sundry 
receipts. 

Total 
receipts. 

Receip'ts  per 
mile  run. 

1890 
1891 

459«8o6 

522,876 

£  , 
25,048 

27,781 

104 
180 

£ 
25,212 

27,961 

Pence. 
13-16 

13-51 

Year 

Number  of  passen  gers. 

Receipts  from  passengers. 

Total. 

Per  mile  run. 

Total. 

Per  mile  run. 

1890 

189I 

1 

4,261,050 
5,241 ,362 

9-40 
10*01 

£  ^ 

25,048 

2T.7^\ 

Pence. 
13*2 
127 

c; 
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Working  Expenditure  in  the  Two  Years  1890,  1891. 


Item, 

1890. 

1891. 

Total. 

Per  mile 
run. 

Total. 

Per  cent,  ot  Per  mile 
expend.          run. 

£ 

Pence. 

£ 

Per  ct-nt. 

Pence. 

Haulage 

4,876 

2*55 

5,242 

38-00 

2-41 

Cables  and  machinery 

1,843 

•96 

2,078 

15-07 

•95 

Car  repairs  . 

747 

•39 

1,811 

iyi2 

'^3 

Traffic  expenses  . 

2,349 

1*22 

2,820 

20-45 

I -30 

Permanent    way    and 

buildings  . 

148 

•08 

279 

2*02 

•13 

General  charges , 
Total  expenditure     . 

^>7^7 

•90 

1,565 

11-34 

lOO'OO 

71 
(>'33 

11,680 

6-10 

13,795  ■ 

,    Do.  per  cent,  of  receipts 

48% 

* 

so  7o 

• 

Details  of  the  Working  Expenditure  for  Cable  Power 

IN  1890,  1891. 


Wages 
Fuel     . 
Stores  , 
Water  and  gas 
Sundries 

Total     . 


Z890. 


Total. 


Per  mile  run. 


£ 

Pence. 

2,819 

'-V, 

1,264 

574 

•30 

131 

•07 

89 

•05 

4,877 

2'55 

1 891. 

Total. 

Per  mile  run. 

£, 

1,446 
401 

152 
62 

Pence. 
1*46 

•66 

•19 
•07 
•03 

5,242 

2*41 

ELECTRIC  DEPARTMENT. 
Miles  run,  Receipts,  and  Passengers  for  1891. 


Year. 

Miles  run  by 
cars. 

Receipts  from 
traffic. 

Sundry 
receipts. 

Total 
receipts. 

Receipts  per 
mile  run. 

1891 

138,396 

£ 
8.657 

,i 

£ 
8,733 

Pence. 
15-18 

BIRMINGHAM  CENTRAL   TRAMWAYS. 
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1 

'       Year. 

1 

Number  of  passengers. 

Receipts  from  passengers. 

Total. 

Per  mile  mn. 

Total. 

Per  passenger. 

1891 

1 

1,144,718 

8-54 

8,^57 

Pence. 
I'8l 

Working  Expenditure  for  the  Year  1891. 


Item. 

1891. 

Total. 

Per  cent,  of  total 
expenditure. 

Per  paile  run. 

Electric  haulage  . 
Machinery    .        . 
Car  repairs   . 
Traffic  expenses  . 
Permanent     way    and 

buildings  . 
General  Charges . 

£ 

2,971 
168 

1,113 

772 
609 

Per  cent. 

5201 

2 '96 

19*12 

i3'46 

173 
1072 

Pence. 

5-15 
•29 

1*93 
I  "34 

•14 
1-05 

Total  expenditure     . 
Do.  per  cent,  of  receipts 

5.7" 

65% 

lOO'CXJ 

9-90 

Details  of  the  Working  Expenditure  for  Electric 

Power,  1891. 


Item. 

1891. 

Total. 

Per  mile  run. 

Wages      .... 

Fuel 

Stores        .... 
Water  and  lighting  . 
Sundries    .... 

£ 
1,502 

956 

420 

39 
54 

Pence. 
2 '60 
1*66 

73 

•07 
•09    • 

Total 

2,971 

5-15 

G    2 
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SUMMARY  OF  THE   FOUR   DEPARTMENTS. 

Miles  run,  Receipts,  and  Passengers,  for  Two  Years, 

1890,  1891. 


Year  ending 
June  30. 

Miles  run. 

Passengers 
carried. 

Traffic 
receipts. 

Sundry 
receipts. 

Total 
receipts. 

1890 
189I 

2,426,280 
2,483,397 

1         £                  £ 
22,182,041      131,409           1,806 

24,381x323     141.448           1,860 

1 

£ 
133.215 
143.308 

Year. 

Length  open. 

Receipts  per  mile 
open. 

Per  mile  per  week. 

1890 
189I 

Miles. 
2479 
2479 

£ 
5.373 
5.781 

£ 
103-3 

111-2 

Year. 

Number  of  passengers. 

Receipts  from  passengers. 

ToUl. 

Per  mile  run. 

Total. 

Per  passenger. 

1890 
189I 

22,182,041 
24,381,323 

9*i 

9-8 

£ 
133.215 
143.308 

Pence. 

1-39 
1.40 

Passengers,  Receipts,  Expenses,  in  1890,  1891. 


1 

1 

Passengers  carried. 

Total  receipts. 

Working 
expenses. 

1 

Net  profit. 

1890. 

1891. 

1890. 

i8qi. 

i8go. 

1891. 

1800. 

1891. 

steam  •, 
Horse    . 
Cable     . 
Electric . 

13.797,864 
4,123,127 

4,261,050 

14,242,827 
3,752,416 
5,241,362 
1,144,718 

£ 
74,583 

33,419 
25,212 

£ 

2Q,277 
27,961 

8,732 

£ 
48,084 

11,681 

£ 

54,219 
26,002 

13,975 
5,711 

26,499 

7,417 
11,417 

£ 
23,119 

14,166 
3,021 

BIRMINGHAM  CENTRAL   TRAMWAYS. 
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Receipts,  Expenses,  and  Profit  or  Loss,  per  Mile, 

1890  TO  1893. 


Year  1890—91  (June  30). 


Milps  run  by 
cars  and  omni- 
buses (horse 
department). 


Steam 
Horse  . 
Cable  . 
Electric 

1,184,101 

637724 
522.876 

138.396 

Averag"es 

Average 

receipts  per 

mile  run. 


Pence. 

15-67 
1 1  02 

12*83 

I5'i5 


13-67 


Expenses  per 
mile  run. 


Pence. 
10*99 

979 

6-33 

9-90 


9*25 


Net  profit 
per  mile  run. 


Pence. 

4*68 
1*23 
6-50 

5'25 


4-46 


Year  1891 — 92  (June  30). 


Steam 
Horse  . 
Cable  . 
Electric 


Averages 


I  JSIiles  run  by 
rara  and  omni- 
buses (horse 
j  department). 


1.212,624 

634^55  I 
621,210 

188,760 


Average 

receipts  per 

mile  run. 


Pence. 

15-96 
11*20 
I2'20 

13*25 


13-15 


Expenses 
per  mile  run. 


Pence. 

12*03 

9-96 

6-i8 

I5'39 


io'89 


Net  profit 
per  mile  run. 


Pence. 

3 '93 
1*24 

6*02 

2*  14  (loss) 


2*26 


Year  1892 — 93  (June  30). 


Steam . 
Horse  • 
Cable  . 
Electric 


Averages 


Miles  run  by 
cart  and  omni- 
buses (horse 
dt'paitmi'nt). 


1,225.996 
647,652 
641,161 

140,993 


Average 

receipts  per 

mile  run. 


Pence. 

1 5 '99 
10*93 

12*69 

1638 


13*99 


Expenses 
per  mile  run. 


Pence. 

11*22 

1012 

6*32 

16-55 


11*05 


Net  profit 
per  mile  run. 


Pence. 

4*77 
•81 

6*37 
•17  (loss) 


2*94 


CHAPTER  VII. 


CAPITAL,  RECEIPTS,  AND   WORKING  EXPENDI- 
TURE OF  THE  GLASGOW  TRAM  WAV  AND 

OMNIBUS  COMPANY. 

At  December  31,  1880,  the  property  of  the  Company  stood  at 
;^348,224,  including  the  value  of  1,836  horses  and  mules,  178 
cars,  and  22  omnibuses.  The  length  open  for  traffic  was  19*89 
miles.  The  miles  run  in  the  year  1880  were  2,785,562 ;  the 
receipts  were  ;£i 55,074  from  car  traffic,  ^5,978  irom  omnibus 
traffic,  and  "from  sundry  sources  ;^6, 339,  amounting  together  to 
;^i 67,400,  or  14*47  pence  per  mile  run.  The  expenditure,  irre- 
spective of  reserves,  depreciation,  and  Corporation  charges, 
amounted  to  62*4  per  cent,  of  the  receipts,  or  9d.  per  mile  run. 

The  actual  working  capital,  after  allowing  for  depreciation,  was 
stated  to  be  as  follows  at  December  31,  in  the  three  years 
1889 — 91. 

Actual  Working  Capital  Expended,  1889—91. 


1889. 

iSgo.                         1891. 

Office  furniture     . 

335 

£>         '            £ 

300                250 

Cars      .... 

(233)  29,960 

(230)  23,000  1  (230)  17,250 

Omnibuses   . 

Cso)     2,100 

(^0)     1,800  !    (24)       960 

Horses  and  mules 

(2768)  67,816 

(2881)  65.783  ,(3149)  68,753 

Plant,  machinery,  &c.  . 

13728 

11,746              12,905 

Harness,  stable  imple- 

ments, &c. 

5.783 

5,205 

4,018 

Heritable  property 

181,229 

172,167 

167,347 

Totals 

;^298,95i 

1 

;,(;280,00I             ^^271,483 

GLASGOW  TRAMWAYS. 
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Miles  run,  Receipts,  and  Passengers,  1889— 1891. 


Year.   '    Miles  nm. 

Receipts  from     Sundry 
traffic.           receipts. 

Total 
receipts. 

Per  mile 
run. 

Per  day 

of  365. 

1889 

1890 

,1891 

4,388,019 
4,481,825 

not  given 

£                    £ 
22']fitl          8,772 

251.545          8,130 

271,715    i    8,059 

236.435 
259.675 
279774 

Pence. 

12*93 
13-91 

£ 
648 

711 

766 

Year. 

Averag^e  len^b  open. 

Receipts  per  averag^c 
mile  open. 

Receipts  per  mile 
per  week. 

1889 
1890 
189I 

Miles     chains 
30           17 
30           17 
30           17 

7,8*66 

9.054 
9,260 

£ 

151-4 
174*2 

178*1 

Y^ear. 

Number  of  passengers. 

Receipts  from  passengers. 

ToUl. 

Per  day  of 

365. 

Per  mile 
run. 

Total. 

Per 
passenger. 

1889 
1890 
189T 

45,812,940 
50,237,996 
52,208,605 

125,514 
137.665 

143.037 

10*44 
11*20 

£ 

251.545 
271.715 

Pence. 
1*19 
1*20 
1*24 

The  receipts  for  the  last  half-year  1891  are  here  given  in  detail, . 
as  a  sample  : — 

Traffic  Receipts — 

Cars,  omnibuses,  cab  and  carriage  hiring,  and 

mails ^140,874 

Sundry  Receipts— 

Manure ;^i,322 

Parcels  carriage  to  suburbs       .         .  301 

Advertising  on  cars,  omnibuses,  &c.  1,521 

Discounts  and  abatements         .         .  402 

Transfer  fees 22 

Rents 565 

4.133 


Total 


•    ;^  145. 007 
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The  Sunday  traffic  for  one  year  is  given  as  follows : — 


Sunday  Traffic. 


Miles  run  on  Sundays 

Do.        week  days 
Gross  receipts  on  Sundays  . 

Do.  do.         per  mile  run 

Passengers  carried  on  Sundays  . 


Half-year  ending 


December  31,  i888. 


123,815 

^    2,353,520 

£6,225   4s.   2d. 

1 2 '068  pence. 

1,223,677 


June  30,  1889. 


119.345 
2,053,244 

;^6,245  IIS.  lod. 
12*056  pence. 
1,256,485 


Working  Expenditure  for  Three  Years,  1889— 1891. 


i8f9. 

1890. 

X891. 

Proportional 

part  of  total 

expenses,i89i. 

Traffic  expenses . 
General  expenses 
Repairs  and  renewals  . 
Corporation  charges    . 

£   , 

123,389 
16,635 

27.304 
30,193 

£ 

131.759 

15.579 

30,973 
30,048 

£ 
149,696 

14.457 
35.136 
29,608 

Per  cent. 
6^*98 

^'33 
1576 
12*93 

Total  expenditure  . 

;^'97.52i 

;f  208,359 

^228,897 

1 00*00 

The  form  of  the  accounts  does  not  give  the  means  of  determin- 
ing the  horsing  and  the  traffic  expenses  separately.  These  are 
combined  under  one  heading — Traffic  Expenses — the  details  of 
which,  with  those  of  general  expenses,  repairs  and  renewals,  are 
subjoined  for  the  sample  half-year  ending  December  31,  1891 : — 


GLASGOW  TRAMWAYS. 
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Traffic  Expenses  for  the  Half-year  ending 


December,  1891, 

Provender  and  litter 41,204 

Wages  and  maintenance,  and  interest  for 

Ibrox  line 33»874 

Shoeing 2,604 

Veterinary 97 

Lighting 274 

Ticket  check 860 

Police,  licenses,  and  excise        .                .  185 

Washing  and  cleaning      ....  884 

Gas  and  water-rates 506 

Oil,  waste,  salt,  and  sand  ....  255 

Uniforms 1,112 

Total        .        .;(f8i,855 


Proportion 
of  total. 

Per  cent. 
50-33 

41-38 

3-i8 
•12 

1-05 
•22 

I'll 
•61 

•31 
1-36 


=    lOO'OO 


General  Expenditure  for  Half-year  ending 

December,  1891. 


Salaries 

Directors*  fees  . 
Audit  fees  . 
Rents  and  feu  duties 
Rates  and  taxes 
Compensation    . 
Law  costs  . 
Insurance  . 
Miscellaneous    . 
Printing,  stationery,  &c. 
Discount  on  tickets 
Interest 


Total 


Proportion 

of  total. 

£ 

Per  cent. 

1,238  = 

17-43 

300  = 

4'22 

42  = 

•58 

852  = 

11-99 

2.356  = 

33'i6 

460  = 

6-47 

132  = 

1-85 

843  = 

11-86 

168  = 

2-36 

187  = 

2-63 

^2^7  = 

2^1^3 

293  = 

4*12 

;^7,io8  =  100*00 
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Cost  for  Repairs  and  Renewals  for  Half-year 

ENDING  December,  1891. 

£ 
Horses 7»595 

Amount  written  off  to  reduce  the 

stock  price  to  ;^2 1      .        .        .    2,624 


Proportion 
of  total. 


Harness . 
Rolling^  stock 
Machinery 
Buildings 


£  Per  cent. 

10,219  =  58-93 

1,420  =  8*i8 

4,428  =  25-52 

502  =  2*92 

772  =  4*45 


Total 


j^i7,34i   =   100-00 


Corporation  Charges  for  Half-year  ending 

December  31,  1891. 


Interest  on  outlay,  &c.     . 
Sinking  fund    .         ,         .         . 
Mileage  rate     .... 
Renewal  of  tramways 

Total 


Proportioa 
of  totaL 

£     ' 

Per  cent. 

.       6,301   = 

42-45 

•       3429   = 

23-11 

1.381    = 

9*30 

.       3.728   = 

25-14 

/U.8^Q    = 

100*00 

The  average  cost  for  provender  consumed  by  each  stud  of 
10  horses  for  the  years  1889 — 91,  including  straw  and  moss  for 
litter  (less  amount  received  for  manure),  and  wages  of  carters  and 
others  engaged  in  connection  with  the  provender  department, 
was  as  follows  : — 


Half-year. 
June,  1889 
December,  1889  . 
June,  1890  . 
December,  1890  . 
June,  1891    . 
December,  1891   . 

Average  for  six  months 


f  I 


)  t 


per  horse,  for  six  months 
,,    for  one  year  . 


£     s.  d. 

99  8  o 

106  10  8 
98  14  6 

104  II  I 

108  19  II 

^27   15  7 

107  13  7i 

10  15  4J 

21  10  8i 


CHAPTER  VIII. 

CAPITAL,  RECEIPTS,  AND   WORKING  EXPENDI- 
TURE OF  THE  EDINBURGH  STREET  TR  A  AIWA  VS. 

The  tramways  of  the  city  of  Edinburgh  have  been  constructed 
and  worked  under  very  considerable  difficulties,  municipal  and 
physical.  Laid  upon  long  and  severe  gradients,  these  tram- 
ways are  more  difficult  to  work  than  any  other  tramway  system  in 
the  United  Kingdom.  The  horse-power  was  supplied  by  contract 
during  the  first  few  years,  in  the  course  of  which  the  contractor 
raised  his  terms,  insomuch  that  on  one  section  the  Company  paid 
him  the  abnormal  sum  of  tenpence  per  mile  run — not  unreasonable. 
For  though  the  Company  anticipated  that  not  more  than  three 
horses  would  be  required  to  work  the  system  at  any  point,  it  was 
found  that  for  working  on  the  steepest  gradients — on  Leith  Walk, 
North  Bridge,  and  Portobello  Road — four  horses  were  required. 

In  1874,  the  Company  terminated  the  contract  for  horse  power, 
acquired  all  the  horses  belonging  to  the  contractor,  and  com- 
menced to  horse  the  lines  themselves.  The  price  paid  for  the 
horses,  at  a  valuation,  was  only  ^£28  per  horse.  The  horses  were 
not  suited  for  the  service,  and  it  was  not  till  the  year  1876 
that  the  horses  thus  acquired  at  a  valuation  were  replaced 
by  others  suited  to  the  work.  On  some  of  the  gradients  the 
labour  is  excessive,  and  the  horses  are  very  sorely  tried.  From 
the  gradients  in  Leith  Walk,  averaging  i  in  32 — of  which  the 
maximum  gradient  is  i  in  14 — the  horses  are  shifted  every  few 
months  to  another  and  easier  section,  on  which  there  is  no  steeper 
gradient  than  i  in  25.  They  begin  to  recover  strength  after  having 
been  worked  for  some  time  on  the  easier  gradients,  and  they  are 
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again  placed  on  the  severer  inclines.  "  But  for  such  a  rotation  ot 
duty,  the  horses,"  said  Dr.  Wood,  the  chairman  of  the  Company, 
"  would  not  last  at  all.  As  it  was,  they  lasted  a  shorter  time,"  he 
believed,  "  than  in  most  other  towns,  and  it  was  extremely  difficult 
to  keep  them  in  condition." 

The  average  cost  for  horse  power  in  the  year  1876,  worked  by 
the  Company,  amounted  to  7jd.  per  mile  run  by  cars,  which  is 
probably  .the  highest  rate  of  cost  in  this  country  for  tramway  work. 
Naturally,  the  number  of  miles  run  per  horse  is  less  in  Edinburgh 
than  elsewhere.  It  amounts  only  to  5*80  miles  per  day  of  313  in 
the  year. 

The  miles  run  during  the  two  years  ending  June  30,  1880, 
were  1,592,679  miles.  The  total  receipts  amounted  tO;^i23,669, 
or  at  the  rate  of  ^89  per  mile  per  week,  and  187  per  mile  run. 
The  horsing  expenses  were  at  the  rate  of  8d.  per  mile  run.  The 
cost  for  maintenance  of  way  and  works  amounted  to  ;£6,576,  or 
to  ;£245  per  mile  open  per  year,  or  about  id.  per  mile  run.  But, 
for  the  last  year  alone,  to  June  30,  1880,  the  expenditure  on  the 
way  amounted  to  jCj^^xoiy  or  ;£307  per  mile,  or  i*22d.  per  mile 
run.  This  excessive  expenditure  was  incurred  in  renewing  the 
way  in  Princes  Street,  Leith  Street,  Catherine  Street,  Leith  Walk, 
and  Great  Junction  Street,  Leith,  after  having  been  open  for 
eight  or  nine  yeais. 

Here  follow  particulars  of  capital,  working  expenditure,  receipts, 
&c.,  for  the  three  years  1889 — 1891 : — 


Capital  Expenditure  for  Three  Years  1889— 1891. 


Year. 


1889 

1890 
I89I 


t  rt  c 

lies      .Ceo. 

open  at      S  g  £ 

Dec.31.   :=  2  ^ 

."3 


£ 

i8i   ;  41,525 
18J   '  41. "^25 

l8i  4^525 


!»  n* 

• 

•T 

»'>  «-• 

(.. 

0 

^  c 

^ 

60 

m 

^  % 

ti 

&i 

dings 

2* 

iA 

9 
JQ 

C 

tJ   0 

m 

?> 

B 

9 

n 
U 

0 

£ 

£ 

£ 

£ 

2i5.f>67 

86  010 

12.07.' 

1.303 

215.667 

84,^22 

13.330 

i.ru 

218,472 

8i  880 

13.076 

1,285 

Horses  !  Total. 


£ 

34.847 
3^.270 


£ 
302.023 

594-747 


Total 
per 
mile 

open. 


£ 
20,441 

2r,t89 


42,502  ,  397.640     21,848 
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Cars,  Horses,  etc.,  at  December  31,  1889— 1891. 


1889. 

1890. 

1891. 

Close  cars      .... 
Canopy  cars .... 

Open  cars 

Omnibuses    .... 
Tourists  coaches  . 

63 

•   ■ 

10 
10 

4 

63 
8 

6 

8 

4 

65 
10 

6 

9 
4 

Total  rolling  stock    .        .             ^'j 

89 

94 

Horses 

895 

981 

958 

Miles  run,  Receipts,  and  Passengers,  1889— 1891. 


Year. 


1889 
1890 
1891 


Miles  run 
by  cars. 


1^96,904 
1,661,056 
1,603,497 


Miles  run 
by  omni- 
buses and 
coaches. 


86,739 
60,073 

64,950 


Total  miles 
run. 


1,483,643 
1,721,729 

1,668,447 


Receipts 

from 

traffic. 


£ 
96,316 

113.708 
103,017 


Sundry 
receipts. 


£ 
5,656 
5,265 
4,808 


ToUl 
receipts. 

Per 

cent. 

of 

capital. 

£ 
101,972 

118,573 

107,825 

Percent. 
26-02 
30-12 
27-13 

1 

Year. 

Averai^  length 
of  way  open. 

Receipts  per 

average  mile 

open. 

Receipts  per            Receipts 
mile  per  week.       per  mile  run. 

1889 

J  890 

1          1891 

Miles. 

i8i 

i8| 
i8i 

£ 
5,603 

6,537 
5,935 

£ 
1077 

1257 
II4-I 

Pence. 

16-4 

16-5 

T5*5 

Year. 


Number  of  passengers. 


Receipts  from 
passengers. 


With  cars. 


1889 
1890 
1891 


13,6034^1 

16,307,488 
15,081,704 


With 
omni- 
buses. 


166,419 
36,297 


With 
coaches. 


With 
work- 
men's cars 


247,435 


180,490 


264,525    120,372 


322,606 


Total. 


Per 

mile 
run. 


14,197,7351  9*57 
16,728,682  9-74 

15,404,310975 


i  P^' 

Total,     pass 
j  enger 


£  d. 

96,3161  1*62 
113,708   1*63 

103,017  I -6 1 
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Working  Expenditure,  1889— 1891. 


Item. 

1889. 

1890. 

1891. 

1891. 
^  Propor- 
tional parts 
of  total  ex- 
penditure. 

1891. 

Expendi- 
ture per 

total 
mile  run. 

Working  expenses  . 
Horsing  expenses    . 
Car,    omnibus    and 

carriage  repairs, 

and  renewals 
Maintenance  of  way 
General  charges 

15,160 

3.797 
4.869 

7.148 

£ 
20,275 

42,120 

4.572 
4,673 
8,237 

79^^77 

£  , 
19,108 

42,892 

3.989 

4.597 
8,697 

79283 

Per  cent. 
24*09 

54-25 

5*01 

574 
10*91 

100*00 

Pence. 

•56 

*66 

1*24 

Total  expenditure  . 

68,931 

11*36 

Total  expenditure 
per  mile  open 

Do.    per  total  mile 
run 

Do.  per  cent,  of  re- 
ceipts   . 

3.788 

Pence. 
11-14 

67*55 

4,388 

Pence. 
11*13 

67-14 

4.356 

Pencp. 
II '36 

74-48 

1 

•  • 

The  "working  "  expenses  include  the  wages  of  drivers  and  trace- 
boys  or  pole-shifters.  The  horsing  expenses  are,  of  course,  by  so 
much  reduced,  and  they  cannot  be  directly  compared  with  the 
earlier  costs  for  horsing. 


Horsing  Expenses  for  Half-year  ending  December,  1891. 


Provender  and  litter  . 
Stable  wages  and  expenses 
Harness      .        •         .         . 
Horse-shoeing    . 
Stable  and  machinery  repairs 
Renewal  of  horses 

Total 


Per  total 

mile  run. 

£ 

Pence. 

14,222 

= 

403 

3.650 

= 

103 

295 

= 

•08 

986 

= 

•28 

220 

= 

•07 

2.229 

^ 

•63 

21,602       =       6*12 
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Horsing  Expenses  per  Horse  per  Week  for  Half-year 

ENDING  December,  1891. 


Per  horse. 

Per  horse. 

Per  horse 
per  week. 

Provender  and  litter  . 
Stable  wages  and  expenses 
Harness       .        •         .         •         . 
Horse-shoeing   .... 
Stable  and  machinery  repairs     . 
Renewal  of  horses 

£     s.     d. 
14    16    10 

3  16     2 

062 
I      0      7 

04^ 
266 

s.      d. 
11       5 
2    10 
0      2A 
0      9* 
0      2 

I    ^ 

Total 

• 

22    10    II 

17    4 

Horse  Renewals  in  1889—91, 


In  stock. 

Added. 

Renewed. 

June,  1889 
Dec,  1889 
lune,  1890 
Dec,  1890 
June,  1 89 1 
Dec,  1891 

892 

895 
1032 

981 

950 
958 

30 

3 

m 
■      • 

8 

98 
91 

•    • 

58 
79 
91 

Averages    ...               951 

1 

30 

69 

Mileage  run  and  Repairs  of  Cars,  1889—91. 


Tear. 

AverafiTO 

nnmbcr  of 

Miles  run. 

Cost  for  repairs  of 

cars,  omnibuses, 

and  carriages. 

By  cars. 

By  omnibuses 
and  coaches,              Total. 
&c. 

Total. 

Per 

vehi- 
cle. 

Per 
total 
miles 

run. 

jonini 
Cars. buses, 
1    &c. 

1 
Total. 

Per 
car. 

Total.     vehT-'Totalfor 
cle.  1  *^*"'  **^- 

1                        ' 

Per 

day 
of 365. 

t8S9      72J  1     Mi 
1890      764  1     12J 
1&91       80         xz\ 

Miles. 

i,-jq6.904 
1,661,656 
1,603,497 

Miles. 
19,267 
21,721 
20,043 

1                       , 

Miles.    Miles.     Miles. 

86,739    5.982    1,483,643 
60,073     4,806    1,721,729 
64,950     5,156  i  1,668,447 

Miles. 
4.065 

4.717 
4,57x 

£ 

3.797 
4,572 
0,989 

£ 

437 

5'-3 
40-8 

Pence 

•61 
•63 
•56 

96 
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Maintenance  of  Way,  1889—91. 


Year. 

Average 
length  open. 

Cost  for  maintenance  of  way. 

Total. 

Per  mile  of 
way. 

Per  sq.  yard 
of  way.* 

Per  mile  run 
by  car*. 

1889 
1890 
1891 

Miles. 
18J 

i8t 

£ 
4,869 

4.673 
4.597 

207 
256 
264 

Pence. 

6*42 

6-14 

^'33 

Pence. 

•65 

•66 

*  Allowing  10,000  sq.  yards  for  lineal  mile. 


CHAPTER  IX. 

CAPITAL,  RECEIPTS,  AND  WORKING  EXPENDI- 
TURE  OF  THE  ABERDEEN  DISTRICT  TRAMWAFS. 


Capital  Expenditure,  1889— 1891. 


Year. 

Leni^ 
open. 

Build- 
ingt. 

Way. 

Cars  and 
Omnibuses. 

Horses* 

Harness 
carts,  &c 

Total. 

Per  mile 
open. 

1889 
1890 
189I 

m.  ch. 

9    4 
9    4 
9    4 

1:1 

9»043 

£ 
39.201 
39,201 

39,285 

2,070 
2,410 
2,660 

£ 
3,024 
2460 

3,700 

430 

53,613 
54,128 

55,118 

£ 
5»924 
5,981 
6,090 

Number  of  Horses,  1889— 1891. 

June  30,  1889 165 

Dec.  31,  1889 161 

June  30,  1890 176 

Dec.  31,  1890 173 

June  30,  1891 184 

Dec.  31, 1891 185 


Receipts  and 

Passengers,  1889— 1891. 

Year. 

Traffic 
receipts. 

Sundry 
receipts. 

Total 
receipts. 

Per  cent, 
of  capital. 

1889 
1890 
189I 

16,637 
17*368 

£ 
712 

722 

771 

16,057 

i7»359 
18,139 

Per  cent. 
30-0 
32-1 
33  "0 

H 
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Tear. 

Length  open. 

Receipts  per   ' 
mile  open. 

Receipts  per 
mile  per  week. 

1889 
1890 
189I 

Miles,   chains. 

9       4 
9       4 
9       4 

£ 
^>77^ 
1,918 

2,004 

£ 
68-23 

7376 
77-07 

Year. 

Number  of  passengers. 

Receipts  from  passengers. 

Total. 

Per  day  of  365. 

Total. 

Per  passenger. 

1889 
1890 

1891 

1 

3,023,932 

3,271,507 
3,430,449 

8.284 
8,963 
9,396 

£ 

15,345 
16,637 

17,368 

Pence. 
I-2I 

1*22 

1-22 

Working  Expenditure,  1889— i  891. 


X889. 

1890. 

1891. 

Total. 

Proportional 
part  of  total 
expenditure. 

Working  expenses, 
including  wages  of 
conductors,drivers, 

Horsing  expenses   . 
Repairs  . 
General  expenses    . 

Total  expenditure   . 
Do.    per  mile  open. 
Do.    per  cent,  of 
receipts. 

£ 

3,432 

5,445 
909 

1,269 

£ 

3,511 

5.905 
850 

1,287 

£ 

3*777 
6,921 

922 

1,522 

Per  cent. 

28-74 
52-66 

7-02 

11-58 

11,055 
1,211 

68-84 

",553 
1,276 

66-55 

13,142 
1,452 

72-45 

100-00 
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Horsing  Expenses,  Half-year  ending  December  31, 1891. 


ItfiSU 

Total. 

Per  horse  per 
half-year. 

Per  horse  per 
week. 

Fora^^e 
Condiment  • 
Coals  .... 
Stable  furnishings 
Horse-shoeing    . 
Stable  wages 

£ 
2,903 

;^ 

31 
217 

567 

£      s.     d. 
15    13    10 

0    I    5 
0    I  II 

034 

124 
3    I    3 

8.       d. 
12      I 

0    0} 

0      I 
0      I^ 

0  loj 
2     4i 

3749 

21    0    I 

15    7i 

Repairs,  Half-year  ending  December  31,  1891. 


Repairs  to  harness 
cars 
buses  . 
buildings 
implements 
permanent  way 

Total 


£ 
53 

Proportion  of 
total. 
Per  cent. 

=     11-68 

244 

= 

5374 

II 

S=! 

2-42 

9 

= 

8-15 
1-98 

100 

= 

22-03 

454    =    lOO'OO 


Maintenance  of  Way,  1889 — 91. 


Year. 

Length  open. 

Maintenance  of  way. 

Total. 

Per  mile  of  way. 

Per  square  yard 
of  way.* 

1889 
1890 
1891 

Miles. 
9^ 

18^8 
257 
238 

1^ 
20*7 

28-3 

26-2 

Pence. 

'49 
•68 

•62            1 

*  Allowing  zojcoo  sq.  yards  per  lineal  mile. 
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CHAPTER  X. 


PROPERTY,  RECEIPTS,  AND 
WORKING  EXPENDITURE  OF  THE  BLACKPOOL 

ELECTRIC  TRAMWAF. 

Property  belonging  to  the  Company,  October  31,  1891. 

£ 
2,566 

3.343 

8.435 

2,157 
641 


Tram  shed 

Engines,  generators,  motors,  &c. 
Centre  channel  and  electrical  fittings  . 
12  cars,  turntable,  and  traverser 
Miscellaneous  capital  expenses    . 

Total 


£^7M^ 


Miles  run.  Receipts,  and  Passengers,  for  Years 

1890, 1891. 


Year. 

Miles  nin  by  can. 

Traffic 
receipts. 

Adver- 
tising. 

Interest. 

ToUl  receipts. 

1890 
189I 

92,000 

98/xx> 

£ 
6,281 

7.038 

4 

203 

£ 
27 

6,491 
7.241 

Year. 

Length 
open. 

Receipts  per 
mile  open. 

Receipts  per 
mile  per  week. 

Receipts  per  car. 

Receipts  per 
mile  ran. 

1890 
189I 

Miles. 
2 
2 

£ 

3.245-5 
3.620-5 

62 -A 
69-0 

649-1 
603-4 

Pence. 
16-38 

17*23 

BLACKPOOL   TRAMWAY. 
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Year. 

Number  of  passengers. 

Recdpts  firom  passengers. 

Total. 

Per  car. 

Per  carper 
day  of  365. 

Per  mile 
mn. 

Total. 

Per  passenger. 

1890 
1891 

812,299 
933.652 

81,229 
77.804 

223 

212 

882 

9'52 

6,281 
7.038 

Pence. 
1*84 

r8i 

Year. 

1 

Number 
of  cars. 

Miles  run  by  can* 

Total. 

Per  day  of  365. 

Percau. 

1 

Per  car  per  day 

of  365. 

1890 
1891 

10 

12 

MUes. 
92,000 
98,000 

Miles. 
252 

268 

Miles. 

9,200 

8,166 

MUes. 

25-2 

22*3 

Working  Expenditure,  1890,  1891. 


Items. 


Repairing  centre  channel  (labour  and 
materials)  ' 

Electrical  fittings  (repairing  arma- 
tures^ &c.) 

Wheels  for  cars,  chain,  cast  bosses  and 
cog  rims,  &c 

Plumbers'  work  at  water  connections, 
&c 

Repairing*  roadway  for  Corporation,  be- 
tween raib  and  18  ins.  outside  thereof 

Wages  of  drivers,  conductors,  checkers, 
engineers,  stokers,  &c.      . 

Coal,  coke,  oil,  cotton  waste,  &c. 

General  charges 


Total  expenditure 

Do.  per  cent  of  receipts 

Do.  per  mile  open 

Do.  per  mile  run  . 


X890.* 


189X. 


£ 
126 

170 

147 

23 

"3 

1,778 
281 

1.994 


4.032 
64-I8 
2,016 

Pence. 
10-51 


192 

78 
189 

I.331 
291 

1,830 


4,191 

59*91 
2,095 
Pence. 
10-25 


189Z. 


Propor< 

tion  of 

total. 


Percent. 

3 '47 
4*57 
3*22 
1-88 

4-51 

34' 14 
6-92 

41-29 


lOO'OO 


Per 
mile 
run. 


Pence. 

•35 

•48 

•33 
•19 
•47 

3*28 

•71 
4'44 


10-25 


CHAPTER  XI. 

LONDON  GENERAL  OMNIBUS  COMPANY, 

The  management  and  experience  of  the  London  General  Omni- 
bus Company  having  been  long-continued  and  successful,  it  will 
be  well,  in  the  first  place,  to  epitomise  some  of  the  results  of  their 
experience,  drawn  from  their  half-yearly  reports. 

In  1875 — 76,  a  considerable  proportion  of  the  business  of  the 
Company  consisted  in  supplying  horse-power  to  the  North 
Metropolitan  Tramways  Company.  It  is  not  possible,  therefore, 
to  deduce  from  the  accounts  the  net  cost  for  omnibus  service.  The 
following  epitome  contains  all  that  can  usefully  be  abstracted  for 
comparison  with  the  accounts  of  tramway  companies  : — 

Capital  Account,  Traffic,  Receipts  and  Expenditure, 

1875,  1876. 

1875.  1876. 

Capitalin  property,  leases,  and  buildings         .        73.808  73*808 

Stock-in-trade — omnibuses,   horses,    harness, 
goodwill,  and  appurtenances         .        .  522,116        521,540 

Total £595»9H    jf595»348 

Omnibuses : — 

Miles  run 11,619,606  11,806,956 

Average  number  of  omnibuses  on  daily 

duty  on  week  days          ....  564  568 

Ditto  on  Sundays 460  470 

Ditto  for  seven  days  a  week      .        .        .  550  554 

Miles  run  per  omnibus  on  duty  per  year   •  21, 130  2 1 ,320 

Number  of  passengers  carried  by  omnibuses  49,720,038  5 1 ,  157,946 

Ditto  per  mile  run 4*28  4*33 

Average  number  of  horses        .        .        .  7>9^3  7»^93 
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Receipts :-  '^p-  T 

Ordinary  omnibus  traffic  and  hire     .        .        537»905  544,056 

Horsing  tramway  cars      ....         106,194  100,573 

Manure  and  advertising  ....  9i447  9,012 

Total  Receipts     .        .        .      ;£653,546  ^^653,641 

Receipts  per  cent  of  capital  in  property  at 

the  end  of  the  year        ....  109*6  %  1^9*8% 
Receipts  from  omnibus  traffic  per  omnibus 

on  duty £i)j9^                  ^982 

Ditto  per  day  (365) £iA7^  ;£i»49i 

Ditto  per  omnibus  per  day       .        .        ^  £2  13s.  /d.   £2  13s.  6Jd. 

Ditto  per  mile  run in  id.  ii'05d. 

Ditto  per  passenger 2'6od.               2"55d. 

Average  Working  Expenditure  for  two  years,  1875 — 76. 
Miles  run  per  year,  11,713,281. 

Direct  expenditure : — 

Per  year. 

Horsing,    including    renewal    of    horses 

(7,903  horses) ;£'404,6i8 

Ditto  per  horse £s^'2 

Maintenance  of  omnibuses  and  aprons     .     jf  29,431 
Ditto  ditto  per  omnibus  on  duty,  552  ;^53'3 

Ditto  ditto  per  mile  run     ....  o'6od. 

Traffic  charges,  including  wages  of  drivers 

and  conductors £'^T^S*^^i 

General  charges,  including  rents      .        .     j^27,4io 

Total i;577i342 

Contingent  expenditure  : — 

Rates  and  taxes j^2»776 

Excise  duties  and  licenses        .        .        .  ^^2,586 

Compensation  and  law  charges  connected  Per  mile  run. 

therewith £3^0  or  •047d. 

;^8,982 

Total  expenditure  .  ;£586,324 
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The  numbers  of  new  omnibuses  that  were  constructed  as  re- 
newals of  omnibus  slock  in  the  course  of  two  years  was  as 
follows  :— 

Half-year  ending  June,  1875     .  -9 

Ditto  December,  1875 11 

Ditto  June,  1876 14 

Ditto  December,  1876 13 

New  omnibuses  in  two  years  .        -47 

The  mileage  run  by  omnibuses  during  the  same  period  amounted 
to  23,426,562  miles,  equivalent  to  498,440  miles  per  omnibus 
replaced.  The  life  of  an  omnibus  was  therefore  deducible,  in 
round  numbers,  as  500,000  miles.  Again,  the  average  annual 
number  of  miles  run  per  omnibus  on  daily  duty  was  21,225  miles. 
If  it  be  taken  at  21,000,  a  round  number,  the  average  life  in  years 
of  the  omnibuses,  supposing  that  they  were  on  duty  every  day  con- 
tinuously, would  be  twenty-four  years.  But,  necessarily,  they  are  off 
duty  for  repairs  from  time  to  time ;  and  though  the  accounts  did 
not  show  how  many  surplus  omnibuses  there  were  in  stock,  it  may 
be  assumed,  for  present  purposes,  that  80  per  cent  of  the  whole 
number  was  on  daily  duty,  and  20  per  cent.,  or  a  fourth  more,  was 
in  reserve  and  under  repair.  Adding,  correspondingly,  a  fourth  to 
the  number  of  years  above  found,  thirty  years  is  arrived  at  as  the 
actual  life  in  time  of  an  omnibus. 

The  length  of  the  lives  of  the  horses  contrasts  unpleasantly  with 
the  length  of  life  of  the  omnibuses.  The  average  total  number  of 
horses  and  the  number  of  carcases  and  living  horses  sold  when 
unfit  for  duty,  during  the  years  1875-76,  were  as  follows : — 


Year. 

Average  total 
number  of  horses. 

Number 
sold. 

Per  cent, 
of  total. 

1875 
1876 

7»9i3 
7.893 

1,889 

i»774 

23*9  per  cent 

22*5          „ 

Averages .    7,903  1,832  23-2 

showing  that  upwards  of  23  per  cent,  of  the  stock  of  horses  were 
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old,  and,  of  course,  replaced  per  year.   From  these  data  it  follows 
that  the  whole  of  the  stock  of  horses  was  renewed  in 


100 

=  4*31  years; 


and  that  thus  the  life  of  an  onmibus  horse  was  4 '31  years ;  varying 
from  4-2  years  in  1875  to  4*44  years  in  1876, 

Mr.  A.  G.  Church,  the  late  general  manager  and  secretary  of  the 
Company,  stated,  on  an  extended  basis  of  experience,  that  the  life  ot 
a  horse  varied  from  four  years  to  four  and  a  half  years  in  the  service ; 
four  years  on  tramway  service,  and  four  and  a  half  years  on  omnibus 
service.  The  shorter  life  of  the  tramway  horse  was  easily  accounted 
for  by  the  greater  eflfort  required  to  start  a  tramway  car,  in  conse- 
quence of  the  greater  mass,  rigidity,  and  weight,  compared  with  the 
condition  of  an  omnibus ;  together  with  the  greater  frequency  of 
the  stoppages  to  which  the  tramcar  is  subject,  arising  from  the 
greater  number  of  passengers  carried  by  the  car,  ahd  from  the  num- 
ber of  stoppages  incurred  in  addition  by  the  occasional  blockage 
of  the  tramway  by  other  vehicles.    The  frequently  repeated  efforts 
required  of  the  horses  to  start  the  cars  tell  disastrously  upon  their 
condition ;  for,  although  the  resistance  to  a  tramcar  on  a  tramway 
is  much  less  per  ton  than  the  resistance  to  an  omnibus  on  a  com- 
mon road,  yet  the  eflfort  of  traction  required  to  start  a  tramcar  is 
much  greater  than  that  for  an  omnibus.    The  greater  frequency  ot 
the  stoppages  of  the  tramcar  for  passengers  than  of  the  omnibus 
was  proved  by  the  greater  number  of  passengers  per  mile  run  by 
the  car,  which  amounted  to  about  7^  passengers  per  mile  run  on 
the  North  Metropolitan  Tramways — worked  by  the  Omnibus  Com- 
pany— and  to  only  4*30  passengers  per  mile  run  by  the  omnibus.   It 
is  very  probable,  taking  into  account  extra  stoppages  by  the  car 
and  by  the  omnibus,  that  the  former  was  stopped  and  started  at 
least  twice  as  frequently  as  the  latter. 

There  is  a  significance  in  the  correspondence  between  the  num- 
ber of  horses  sold  and  replaced,  and  the  receipts  from  omnibus 
traffic  and  the  horsing  of  tramway-cars  in  the  two  years  1875  ^^^ 


106  STATISTICS  OF  TRAMWAYS, 

1876.  .  Thus,  in  1876  the  receipts  from  omnibus  traffic  were  about 
;^6,ooo  greater,  and  those  from  tramways  were  about  the  same 
amount  less  than  in  1875.  '^^^  easement  was  made  apparent  in 
the  smaller  number  of  horses  sold  in  1876  :  it  was  1,774  as  against 
1,889  sold  in  the  previous  year. 

The  proportional  number  of  carcases  and  living  horses  sold 
during  the  year  ending  June  30th,  1876,  were: — 

1,208  carcases  or  65  per  cent. 

676  living  horses  or  35         „ 


1,884  sold  100 


ft 


showing  that  two-thirds  of  the  horses  that  were  sold  either  died  or 
were  worn  out  in  the  service,  and  that  a  third  were  sold  as  only  fit 
for  agricultural  work — too  weak,  or  affected  with  bent  knees. 
From  the  results  of  more  extended  data,  Mr.  Church  stated  that 
the  proportion  of  carcases  and  living  horses  sold  were  about  60  per 
cent  and  40  per  cent  The  horses  were  purchased  at  about  the 
age  of  five  years  for  about  jQ^o  each,  and  they  were  sold  when 
worn  out  for  jQi)  or  jQio.  For  agricultural  service  they  fetched 
on  re-sale  sometimes  as  much  as  ;^i6,  jQi^y  or  ;^i8. 

The  horses  were  fed  almost  entirely  with  maize ;  oats  as  a  staple 
of  food  had  been  abandoned.  The  following  were  the  quantities 
and  the  costs  of  provender  for  the  half-year  ending  December  31, 
1876,  including  the  cost  of  preparation,  cartage,  lighterage  and 
expenses  at  the  depots : — 

Quarters.  £      %,    A.  £       s.      d. 


1,419  oats   . 

®  I 

3 

9 

1,685  18 

5 

49,179  maize 

„  I 

8 

2 

69*3 1 7  13 

6 

921  beans 

„  2 

8 

7 

2,237    7 

9 

3,197  bran 

„  0 

II 

I 

1,769  19 

7 

Loads. 

4,399  hay  and  clover  . 

„  6 

6 

6 

27,828  II 

II 

8,618  straw 

M    2 

6 

3 

19.947    I 

6 

Sundry  and  grass  farm 

•                ■ 

• 

141  17 
122,928    9 

0 
8 
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The  weight  of  the  grain  consumed  was  as  follows  :— 


Tom.  cwts.  qrs.   lbs. 

Oats,  1,419  quarters        .                .         192  11  2      8 

Maize,  49,179    „    .                        .    10,538  7  o    16 

Beans,  921         ,,    .                                  205  11  2    12 


Total  weight         .  .     10,936     10      i      8 

The  average  cost  for  provender  consumed  by  each  stud,  includ- 
ing the  expenses  in  connection  with  the  provender  department, 
»as  ;£i74. 

It  appears  from  the  foregoing  statements  that  the  total  cost  for 
maintenance  and  renewal  of  horses  was  £^^\  4s.  per  year  per  horse, 
or  about  £^\  per  week. 

The  reports  of  the  Omnibus  Company  for  the  past  three  or  four 
years  (writing  in  1878)  comment  upon  "  the  deplorable  state  of 
the  main  thoroughfares  in  the  eastern,  southern,  and  northern  parts 
of  the  metropolis,  which  were  destructive  of  the  wheels,  springs,  and 
undercarriages  of  ordinary  vehicles.  The  cost  for  wheels  alone 
for  the  Company's  omnibuses  increased  from  ;£'9  los.  per  omnibus 
per  year  to  £^\^  per  year  since  the  introduction  of  tramways. 
Valuable  horses  have  constantly  been  injured  by  straining  and 
slipping  on  the  rails.*' 

Coming  now  to  the  operations  of  the  Company  in  more  recent 
years — ^the  two  years  ending  June  30,  1890-91 — the  working 
capital  expenditure  was  as  follows : — 

Capital  Expenditure  at  June  30,  1891. 
Land,  buildings,  and  leaseholds  100,159 


Omnibuses,  horses,  harness,  &c. 
Gas  and  water  fittings 
Stable  fittings  and  stores 
Office  furniture  and  fixtures 


580,661 
3.908 

6,553 
1,016 


Total ;^692,297 
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On  June  30,  1891,  there  were  9,796  horses ;  the  average  price 
paid  during  the  half-year  was  jQ^$  is.  lod.  per  horse ;  797  car- 
cases and  440  living  horses  were  sold. 

The  gross  receipts  in  the  half-year,  with  other  particulars,  were 
as  follows : — 

£ 
Ordinary  omnibus  traffic  and  private  hire  .     318,295 

Advertising  in  and  upon  omnibuses  7*290 

Manure i}i94 

Total 326,779 


189X. 
The  number  of  passengers  carried  by  omnibuses  was      .    53»843y477 
The  average  number  of  omnibuses  working  on  week 

days 860 

Ditto  on  Sundays 735 

Ditto  receipts  for  passengers  per  omnibus  per  week  was  ^^14  i6s.  od. 

Ditto  fare  per  passenger i  '42d. 

Ditto  earnings  per  mile  run 8*49d. 

Total  number  of  miles  run 91001,330 


Working  Expenditure,  Half-year  ending  June  30,  1891. 

Per  mi!  ^ 
run. 
£  Pence. 

General  expenses        .  18,611              '49 

Traffic  ditto : —  £ 

Road 85,652 

Yard 

Maintenance  ditto : — 

Horse  stock :       .        .        .        .  175,686 

Omnibus  ditto     ....  21,200 

Aprons 656 

Harness  and  stable  utensils  6,189 

Furniture  and  fixtures         .  569 

Yard  stock 639 

Stables,  offices,  &c.    .        .  3 '679           209,419           5*58 


^5*65 2  )  ^o 


Total  347,811  9*  16 
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Provender,   Including    Cost  of   Preparation,   Cartage, 
Lighterage,    and    Dep6t    Expenses    for    Half-year 


ENDING  June  30,  1891. 

Qoarters. 

16,173  oats 

7,244  beans  and  peas 
48,016  maize    . 

3,576  bran 

Loads. 

4,956  mixture 
4,210  straw 
Sundiy 


Total 


;^      5.       d. 

at  I    o    o 
I  14    4 

I    7    7 
o    9  iij 


»f 


» • 


I  • 


>> 


3    4 
I  14 


o 


£ 

16,171 

",431 
66,277 

1,780 

i5»852 

7»i85 

332 

;^I  20,028 


According  to  Mr.  C.  T.  Bray,  each  omnibus  is  allowed  from 
10  to  1 1  horses  a  day.  To  keep  it  running  for  from  12  to  14  hours 
5  pairs  of  horses  are  worked,  leaving  i  rest  horse  at  the  yard.  On 
Sundays,  only  4  pairs  are  working.  There  are,  in  all,  about 
10,000  horses.  The  average  daily  mileage  run  is  14  miles.  The 
average  life  is  from  4  J  to  5  J  years.  Two  horses  are  sold  for  every 
one  that  dies,  or  is  killed.  It  is  a  hard  life  \  the  mischief  is  tlie 
continuous  and  frequent  starting.  It  is  the  strain  in  setting  a 
heavy  omnibus  in  motion  that  tells.  The  omnibus  weighs  33  cwt. 
When  full  inside  and  out  there  are  27  persons  in  and  on  the 
omnibus,  besides  the  driver  and  conductor,  making  an  average  of 
about  3J  tons.  As  to  accidents,  very  few  horses  are  seriously 
damaged  by  filing  on  slippery  pavements,  of  which  asphalte  is 
the  worst. 


PART  III. 
CONSTRUCTION  OF  TRAMWAYS. 


CHAPTER   I. 

TRAMWAVS  IN  THE  METROPOLIS, 

Systems  of  tramway  like  those  of  Liverpool  were  adopted  in  the 
construction  of  the  earlier  portions  of  the  tramways  which  were  laid 
in  London,  under  Mr.  George  Hopkins,  as  engineer,  comprising 
the  greater  part  of  the  North  Metropolitan  Tramways,  of  which  the 
first  section,  from  Whitechapel  to  Bow,  was  opened  in  May,  1870  ; 
and  the  original  Metropolitan  Street  Tramways  (now  a  part  of  the 
system  of  the  London  Tramways  Company),  5 J  miles  long,  from 
Westminster    Bridge    to    Brixton   Church,   Stockwell,   Clapham 
Common,  and  Brixton  Hill,  also  opened  in  1870.     The  rails  were 
of  the  form  and  section  of  the  Liverpool  rail,  4  inches  wide,  and 
if  inches  thick,  weighing   45   lbs.  per  yard.     The  system   of 
construction,  shown  in  Fig.  22,  was  similar  to  that  at  Liverpool. 
The  stone  pavement,  or  the  macadam  of  the  street,  was  taken  out 
for  a  width  sufficient  for  a  double  line,  or  a  single  line  of  tramway, 
as  the  case  might  be,  including  a  clear  space,  2  feet  wide,  beyond 
the  outermost  rails ;  and  for  a  depth  of  about  9  inches,  which  was 
the  depth   of  ordinary  setts  in   the  metropolis.      In   the  open 
ground  thus  exposed,  longitudinal  trenches,  about  9  inches  deep 
and  16  inches  wide,  were  excavated,  corresponding  to  the  position 
of  the  rails  and  the  longitudinal  sleepers  by  which  they  were  to  be 
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supported.  These  trenches  were  filled  with  concrete  made  with 
Portland  cement,  or  with  hydraulic  Kme,  mixed  with  river  ballast, 
and  made  up  to  the  level  of  the  excavated  ground,  to  form  longi- 
tudinal foundations  for  the  rails.  The  sleepers,  4  inches  wide  and 
6  inches  deep,  were  laid  in  cast-iron  clip  chairs,  by  means  of 
which,  with  bar-iron  cross-ties,  dove-tailed  at  the  ends,  the  gauge 
was  maintained.  The  rails  were  spiked  to  the  sleepers  by  vertical 
spikes  through  the  grooves,  with  countersunk  heads,  and  the 
structure  was  levelled  up  by  concrete,  packed  under  the  sleepers, 
to  form  a  foundation  for  the  paving  stones,  and  these  were  bedded 
on  a  layer  of  sand,  and  grouted  and  rammed. 

The  dove-tail  tie-bars   proved  to  be  of  little  use ;  they  were 
liable  to  rust  away,  and  were  n-anting  in  precision,  for  unless  the 


Fig.  22.    North  Metropolitan  Tnmiwaj  and  London  Tcaraways. 
First  lines.     Scale  ■^. 

dove-tailings  had  been  tightly  and  exactly  fitted  so  that  the  chairs 
would  have  been  prevented  from  shifting  either  inwards  or  out- 
wards, the  transverse  connection  was  not  sufficient  to  maintain 
the  rails,  when  the  support  afforded  by  the  pavement  was  removed 
or  impaired.  Besides,  tie-bars  placed  between  the  paving  sets  are 
in  the  way,  and  interfere  with  the  convenience  for  paving.  Again, 
tie-bais  laid  in  dove-tails  in  brackets,  like  those  just  described, 
work  gradually  to  the  surface,  and  even  above  the  level  of  the 
paving.  In  such  a  contingency  they  are  removed,  which  is  the 
best  thii^  to  be  done. 

Moreover,  the  flat  rail  and  the  vertical  spike  or  bolt  fastening 
make  a  defective  combination.  It  is  scarcely  necessary  to  say 
that,  at  best,  the  form  of  the  flat  rail  combined  the  maximum  of 
material  with  the  minimum  of  strength  and  stiffness,  whilst  the 
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vertical  spike  fastening,  though  it  is  simple,  and  appears  at  first 
sight  to  have  been  happily  devised,  is  deficient  in  strength  and  in 
durability,  and  contributes  nearly  nothing  towards  the  union  of 
the  rail  with  the  sleeper.  The  rail,  especially  at  the  joints,  is 
liable  to  spring,  and  the  spikes  with  their  shallow  countersunk 
heads  and  limited  bearing  surface,  are  liable  to  yield  and  to  wear. 
The  spikes  in  consequence  are  gradually  loosened,  and  the  heads 
are  lifted,  and  torn  or  broken  off.  The  spike  heads  are  further 
exposed  to  damage  from  the  wheel  flanges,  which,  like  the  rail, 
become  worn,  ground  in  the  groove,  and  occasionally  spUt  the  rail. 
Wherever  there  is  vertical  movement,  of  course  an  entry  for 
water  is  made,  pumping  action  ensues,  and  rain  water  ultimately 
sinks  through  the  spikeholes  and  by  the  sides  of  the  rails,  and 


Fig.  23.    Pimlico,  Peckham,  and  Greenwich  section  of  London 

Tramways.    Scale,  i;^. 

rises  to  the  surface  laden  with  sand  and  other  detritus.  The  rails 
and  sleepers  are  gradually  undermined,  the  sleepers  are  deformed 
by  blows,  and  the  vertical  instability  is  by  so  much  increased. 

With  a  view  to  ameliorate  the  difficulties  of  the  vertical  fastening, 
as  well  as  to  provide  an  iron  tie  of  a  substantial  character  in  place 
of  the  delicate  dove-tails,  Mr.  Joseph  Kincaid,  as  engineer, 
employed  transverse  sleepers  in  the  construction  of  the  Pimlico, 
Peckham,  and  Greenwich  section  of  the  London  Tramways, 
opened  in  August,  1871.  Transverse  sleepers.  Fig.  23,  were 
placed  in  the  bottom  of  the  excavation,  to  afford  an  increase  of 
bearing  surface  on  the  ground  and  to  receive  the  longitudinal 
sleepers  which  were  placed  upon  them.  The  transverse  sleepers, 
which  were  placed  at  intervals  of  5  feet  or  6  feet,  also  afforded  a 
substantial  means  of  tying  longitudinal  sleepers  to  the  gauge. 
Instead  of  attachments  in  tension,  like  those  of  the  dove-tailed 


TJtAXtWAYS  IN  THE  METROPOLIS.  113 

bars,  cast-iron  brackets,  two  to  each  cross-sleeper,  were  employed 
as  abutments,  one  bracket  outside  each  longitudinal  sleeper.  The 
brackets  were  spiked  to  the  longitudinal  sleepers  near  to  their 
lower  surfaces,  whilst  they  were  extended  up  the  sides  of  the 
sleepers,  to  afford  a  direct,  or  at  least  nearly  direct,  resistance  to 
centrifiigal  stress.  By  this  combination,  the  indirectness  of  the 
sleeper  as  opposed  to  lateral  stress  above,  was  liberally  compen- 
sated by  the  general  stiffness  of  the  structure. 

An  additional  fillet  was  applied  to  the  under  surface  of  the  rail, 
Fig.  24,  at  the  outside,  sothat  now  the  rail  was  formed  with  two 
lillets,  one  at  each  side,  that  it  might  be  more  firmly  bedded  on 
the  sleeper  than  the  rail  having  only  one  fillet.  It  was  found 
necessary  not  only  to  provide,  by  the  inside  fillet,  the  means  of 


Fig.  34.    X«adon  Tramways.     Section  of  rail.     Scile  \. 

reastance  to  the  lateral  stress  of  the  cars  through  the  flanges  of 
their  wheels,  but,  likewise,  means  of  opposmg  the  lateral  action 
of  cross  strokes  from  the  wheels  of  common  road  vehicles,  which 
traversed  the  road  in  all  directions.  Hence  the  addition  of  the 
sea>nd  fillet,  at  the  outer  side  of  the  rails.  The  longitudinal 
sleepers  were  carefully  rebated  to  receive  the  rails,  which  were 
fixed  to  them,  as  before,  with  vertical  spikes  through  the  groove. 
The  adoption  of  the  double  fillet,  though,  in  fact,  a  reversion  to 
old-established  American  practice,  constituted  an  intelligent  ad- 
vance in  English  practice  with  the  grooved  rail. 

The  wearing  surface  of  the  rail  was  slightly  rounded  trans- 
versely, having  about  iV  inch  rise,  by  which  the  thickness  was 
mcreased  to  i-A-  inches,  though  the  motive  for  roimding  is  not 
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obvious.  The  groove  was  made  wider  than  before:  if  inches 
at  the  surface ;  and  it  was  rounded  at  the  bottom  to  a  circular 
form,  thus  at  the  same  time  strengthening  the  rail '  by  the 
substitution  of  a  round  for  a  flat  contour  for  the  grooves,  and 
facilitating  the  dislodging  of  detritus.  The  splay  of  the  outer  side 
of  the  groove  was,  at  the  same  time,  slightly  greater  than  in  the 
previous  rail.  The  new  rail  was  4  inches  wide,  had  a  sectional 
area  of  4}  square  inches,  and  weighed  48  lbs.  per  yard. 

For  laying  in  the  foundation,  the  surface  of  the  roadway  was 
removed,  and  the  ground  was  excavated  to  a  depth  of  from 
12  inches  to  14  inches,  to  receive  the  cross-sleepers.  After  the 
longitudinal  sleepers  were  laid  and  fixed,  with  the  rails  complete, 
they  were  brought  up  to  the  required  level  by  concrete  packing 
below  the  cross-sleepers ;  then  the  whole  space  was  filled  with 
lime  concrete  to  a  height  necessary  for  receiving  the  pavement  of 
stone  or  of  asphalte,  whichever  was  to  be  laid,  for,  in  some  parts 
of  the  way,  asphalte  was  used  instead  of  granite  for  paving.  For 
asphalte,  the  concrete  was  required  to  be  brought  up  higher  than 
for  stone,  since  it  was  only  from  i  J  inches  to  2  inches  deep,  whilst 
stone  was  6  or  7  inches  deep ;  and  the  total  cost,  of  construction 
was  greater  for  asphalte.  Much  was  hoped  for  from  asphalte  as 
a  pavement  for  tramways.  Experience  has  not  confirmed  such 
expectations.  Asphalte  pavement  breaks  away  at  the  borders 
next  the  rails,  as  well  as  at  the  outside,  and  it  must  be  admitted 
that  ks  a  foothold  for  horses,  in  starting  the  cars,  it  has  been  a 
dead  failure. 

Mr.  Hantingdon  *  gives  particulars  of  the  contractor's  charge 
for  constructing  the  way  of  the  London  Tramways.  They  may  be 
taken  as  approximate  actual  costs  for  tramways  in  London.  The 
gauge  of  the  way  is  4  feet  S^  inches  ;  the  interspace  between  the 
lines  is  4  feet  The  rails  were  fixed  with  S-inch  staples  on  the 
kyanised  longitudinal  sleepers,  21  feet  long,  with  four  transverse 
sleepers,  bolted  with  J -inch  bolts  and  nuts  to  the  gauge.     The  fish- 

•  Proceedings  of  the  Institution  of  Civil  Engineers,  vol.  50, 
1877,  page  28,  in  the  discussion  of  Mr.Robinson  Souttar's  Paper  on 
'*  Street  Tramways." 
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plates  at  the  joints  were  9  inches  long  and  }  inch  thick,  let  into 
the  longitudinal  sleepers.  The  sleepers  were  bedded  in  Portland 
cement  concrete,  6  inches  deep,  upon  which  the  paving  was  laid. 

London  Tramways— Single  Line. 

Peryaid. 
s.     d. 

Rails,  50  lbs.  per  yard,  ties,  spikes,  bolts,  staples,  fishes,  &c., 

rails  at  j^  10  los.  delivered 10    6 

Timber  creosoted  and  shaped 20 

Fixing  and  laying,  including  crossings 10 

Maintenance  for  one  year 6 

Contingencies,  cartage,  lights,  watching,  waste,  and  cutting  i    6 

Risk  and  profit,  10  per  cent. i    0 

Total  .     17    o 

1,760  yards  at  17s.  =^^1,496,  say;^i,5oo  per  mile. 

The  cost  for  paving  with  granite  stones,  7  inches  deep,  for  a 
double  road,  with  concrete  bottom,  was  as  follows : — 

Double  Line. 

Per  square  yard, 
s.     d. 

Granite  paving  sets,  7  inches  deep,  tramways  18  feet  wide^ 

materials  and  labour no 

Concrete,  averaging  6  inches  deep,  including  excavation  and 

removal  of  road ...16 

Contingencies,  grouting,  carting^  watching,  removing  materials 

and  sanding 10 

Maintenance  for  one  year «      o    3 

Risk  and  profit,  10.  per  cent 13 

Total      .        .     15    o 
1,760  yards  x  60  yards  x  15s.  =;^7,920,  say;^8,ooo  per  mile. 

The  cost  for  paving,  single  line,  is  half  the  above-given  amount, 
or;^4,ooo ;  and  the  total  cost  of  the  tramway  is  made  up  thus : — 

I  2 
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Per  mile. 

Way /1.500. 

Paving 4,000 


Per  mile,  single  line    .       ;£5>500 
Or;^ii,ooo  per  mile/double  line. 

Extra  works,  crossings,  and  sidings  are  not  included  in  these 
estimates. 

Mr.  Kincaid,  having  in  the  Peckham  Tramway  proved  the 
advantage  of  the  cross-sleeper  as  a  useful  element  in  a  timber 
structure,  employed  it  in  the  construction  of  the  first  section  of  die 
Leeds  Tramways — the  line  to  Headingley — which  was  opened  in 
October,  1872.  The  gauge  was  4  feet  8^  inches.  The  ground 
was  excavated  to  a  depth  of  7^  inches — the  depth  of  the  rail  plus 
that  of  the  longitudinal  sleepers — ^for  the  whole  width  of  the  way ; 
and  trenches  about  9  inches  wide  were  cut  in  the  excavated 
bottom,  and  filled  with  concrete,  flush  with  the  bottom,  to  carry 
the  sleepers.  The  cross-sleepers,  6  inches  wide  and  4  inches 
deep,  were  laid  in  the  concrete  of  the  transverse  trenches  about 
3  feet  apart,  flush  with  the  surface ;  and  thus  a  continuous  level 
foundation  was  formed  for  the  longitudinal  sleepers  and  the  rails. 
The  longitudinals,  4  inches  wide  and  6  inches  deep,  were  fixed  to 
the  transverse  sleepers  by  cast-iron  brackets,  one  on  each  side  oi 
each  longitudinal  sleeper,  spiked  to  both  timbers.  The  rails, 
weighing  47^  lbs.  per  yard,  were  flat  grooved,  4  inches  wide  and 
i^  inches  thick,  with-  two  ^-inch  square  fillets  on  the  underside, 
let  into  the  sleepers ;  they  were  spiked  through  the  groove  to  the 
sleepers.  A  bedding  of  furnace  ash  or  clinkers,  2\  inches  thick, 
was  laid  over  the  bottom,  on  which  paving  sets  5  inches  deep 
were  laid. 

On  this  system,  an  economy  of  excavation,  as  well  as  an 
economy  of  concrete,  was  effected,  by  employing  concrete  for  the 
support  of  the  sleepers  exclusively.  By  the  interposition  of  a  bed 
of  ashes  laid  uniformly  over  the  whole  surface,  it  was  designed 
that  the  pavement  should  rest  equally  over  the  sleepers  and  the 
direct  excavated  surface. 
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Inclines  and  Curves  on  Tramways  in  London. 

The  steepest  gradient  of  considerable  length  on  the  North 
Metropolitan  system  is  one  in  the  City  Road,  of  about  one  in 
forty,  on  the  approach  to  the  Angel  at  Islington.  There  are 
short  pieces  at  the  crossings  of  canal  bridges  of  about  one  in 
twenty-five.  The  curves  are  40  feet  radius ;  with  reverse  curves 
of  50  feet  radius. 

On  the  London  Street  Tramways  the  gradients  are  easy,  except- 
ing a  short  piece  of  one  in  twenty-three.  The  quickest  curves 
have  a  radius  of  30  feet 

On  the  London  Tramways  the  prevailing  gradient  is  one  in 
fifty,  but  there  are  gradients  of  one  in  thirty. 


CHAPTER    II. 

LASSEN'S  FASTENING.— LONDON  STREET 
TRAMWAYS.— BELFAST  TRAMWAYS. 

But  a  method  of  fastening  the  rail  to  the  sleeper  was  wanted 
which  would  be  free  from  the  defects  of  the  vertical  spike, — a 
method  the  barbarity  of  which  was  only  rivalled  by  its  simplicity. 
Mr,  Joigen  Daniel  Larsen  supplied  the  want,  by  substituting 
lateral  fastenings  for  vertical  spikes,  a  system  which  was  patented 
by  him  in  February,  1871,  and  is  repre- 
sented in  Fig.  25. 

"  The  vertical  or  upright  side  of  the  rail," 
he  says,  "intended  to  be  fastened  to  a 
sleeper,  is  so  made  as  to  extend  in  the 
manner  of  a  flange  or  flanges  below  the 
upper  surface  of  the  sleeper  (longitudinal), 
either  on  one  or  both  sides  of  the  sleeper. 
An  aperture  is  made  in  each  flange,  SO  as 
to  be  a  short  distance  below  the  upper 
surface  of  the  sleeper,  when   the  rail  is 
placed  thereon.     To  fix  the  rail   to  the 
Fig.  »s.  Side  fastening,     sleeper,  a  bent  metal  piece  or  half  staple  is 
^Mr.  J.  D.  Larsen.     inserted  into  the  hole  in  the  flange  and 
*'  driven    home,   and   is   also   fixed    to  the 

vertical  side  of  the  sleeper.  The  part  of  the  metal  piece  or  half 
staple  inserted  into  the  hole  may  be  of  various  forms,  and  may  be 
so  long  as  to  go  through  the  sleeper  and  to  enter  also  a  corres- 
ponding hole  in  the  other  verdcal  side  of  the  rail  extended  as  a 
flange.  The  metal  piece  may  be  of  such  form  as  to  pass  through 
at  once  two  or  more  holes  in  the  same  flange." 
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In  the  Larsen  rail  two  important  advantages  are  combined.  By 
the  flai^es  it  is  virtually  increased  in  depth  and  in  stiffness  verti- 
cally and  laterally  ;  and  the  fastenings,  as  applied  at  the  sides,  are 
not  only  removed  from  inteifeience  of  the  wheel  flanges,  but  are  so 
placed  as  greatly  to  strengthen  the  attachment  of  the  rail  to  the 
sleeper;  for  it  is  apparent  that  the  wide  base  of  attachment 
afforded  by  the.  lateral  flanges  creates  a  leverage  of  resistance  to 
lateral  stress  twice  as  great  as  the  leverage  derived  from  a  central 
vertical  spike.  There  is  yet  another  advantage,  that  by  means  of 
the  flanges  the  sleeper  may  be  more  firmly  embraced  by  the 
flanged  rail  than  it  can  possibly  be  by  the  shallow  filleted  rail. 

Although,  incidentally,  the  strength  of  the  Larsen  rail  was 
increased  by  the  addition  of  the  flanges,  it  does  not  appear  that 
vertical  strength  was,  in  his  earliest  designs,  made  a  point  in  ques- 
tion by  the  designer;  for  there  is  only  sufficient  depth  of  flange, 
I  inch,  to  afford  room  for  the  fastenings.  In  point  of  absolute 
transverse  strength,  Larsen's  rail  had  already  been  anticipated  by 
Livesey's  rail,  patented  in  1869,  ivhich  is  described,  and  which 
was  formed  with  a  flange  each  side  of  considerable  depth.  Mr. 
Larsen  should,  nevertheless,  be  credited  with  the  merit  of  intro- 
ducing the  flange  rail  into  practice  in  England,  as  well  as  the 
method  of  the  side  fastening. 

In  the  construction  of  the  London  Street  Tramways,  under  the 
chaise  of  Mr.  Larsen,  the  first  portion  of  which 
was  opened  in  November,   1871,  he  designed 
and  made  the  first  application  of  lateral  fasten- 
ings for  tram-rails  (Fig.  z6),  upon  the  results  of 
which  his  patent  was  based.     In  this,  his  first 
trial,  the  rails  were  4  inches  wide,  and  weighed 
60  lb,,  per  yard.     They  were  double  flangrf,    *'',«?';.,"•;;,"£ 
and   were   fixed   upon    longitudinal    sleepers,       London     Street 
6   inches  deep,  by  means  of  side  fastenings.       Tramways. 
whicli  consisted  of  three  pieces  at  each  side : — a  strap  3i  inches 
long,  J  of  an  inch  wide,  and  J  inch  thick,  the  two  spikes  driven 
horizontally  into  the  sleeper,  through   a  hole  at  each  end  of 
the  strap,  the  upper  spike   passing  also  through   a  hole  made 
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in  the  flange  of  the  rail  The  excavation  for  the  foundation 
was  carried  down  to  a  level  of  4  inches  below  the  underside  of 
the  sleepers,  for  the  whole  width  of  the  way.  An  even  bed  of 
concrete,  4  inches  thick,  was  laid  upon  the  bottom,  and  the  longi- 


Fio.  2T.    Lcodon  Street  Tninwap.     Scale  ^V- 

tudinal  sleepers  were  laid  directly  upon  it     The  timl>ers  were 

placed  in  cast-iron  chairs  at  the  joints,  and  the  gauge  was  fixed 

by  means  of  flat  bar-iron  ties,  split  and  kneed  both  ways  at  the 

ends,  and  fixed  to  the  sleepers  by  bolts  or  spikes  as  shown.     A 

3-inch  layer  of  sand  or  of  gravel  was  distributed  over  the  concrete 

surface,  to  form  a  bed  for  the  paving,  which 

was  laid  and  grouted  in  the  usual  manner. 

(See  Fig.  27.) 

In  this  his  first  employment  of  side- 
fastenings,  Mr.  Larsen  substituted  three 
pieces  for  the  vertical  spike.  Not  oblivious 
of  the  disadvantage  of  multiplying  the 
number  of  pieces  in  the  (astening,  he 
reduced  them  in  his  patent  to  two  in 
number,  as  has  already  been  described ; 
and  in  his  next  operation,  the  construction 
of  the  Belfast  Tramways,  he  employed  the 
fastening  in  two  pieces,  as  patented.  The 
Fig,  i8.  |l*lfw'  Tram-  ^ofts  of  these  tramways  were  commenced 
way*.    Section  01  rail  .         n 

wilb  LancDB  fasten-      early  m    1873,  and    the    first  section  was 
iDg.    Scale  J.  opened  in  the  autumn  of  the  same  year. 

The  construction  of  the  Belfast  Tramways  is  illustrated  by  Fig. 
38.  It  consists  of  longitudinal  sleepers  laid  upon  cross- sleepers 
enclosed  in  concrete,  the  rails  being  laid  on  the  longitudinal 
sleepers.  The  gauge  of  the  way  is  5  feet  3  inches.  The  inter- 
mediate space  between  the  two  lines  of  rails  of  a  double  line  is 
4  feet;  the  breadth  of  paving  at  the  outer  sides  of  the  rails  is 
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2  feet ;  the  tread  of  the  rails  is  i  J  inches  wide,  and  the  total  width 
of  the  tramway  for  a  double  line  is  constituted  as  follows  : — 

Ft.     In. 

Two  lines,  5  feet  3  inches  gauge 

Intermediate  space 

Two  outside  breadths  of  2  feet  each  . 

Four  widths  of  tread  i  J  inches   .... 

19     li 

The  ground  was  excavated  to  a  uniform  depth  of  1 1^  inches 
below  the  permanent  surface,  for  the  whole  width  of  the  tramway, 
double  or  single.      Cross-sleepers  of  wood,   4  inches  deep  by 

6  inches  wide,  and  7  feet  in  length,  were  laid  on  the  bottom  of  the 
excavation  at  intervals  of  5  feet  between  centres,  and  the  longi- 
tudinal sleepers,  32  inches  wide,  and  6  inches  deep,  were  laid  and 
fixed  by  cast-iron  brackets,  weighing  5  lbs.  each.  There  was  but 
one  bracket  at  each  intersection,  placed  alternately  at  the  inside 
and  the  outside  of  the  longitudinal  sleeper ;  fixed  by  four  spikes 
to  each  bracket 

The  rails  weigh  about  62  lbs.  per  yard  \  they  are  3}  inches  wide 
and  li  inches  thick;  the  side  flanges  are  i^  inches  deep,  and 
-iV  inch  thick  at  the  edge,  making  the  total  depth  of  the  rail  2  J 
inches.  The  tread  is  li  inches  wide,  the  groove  is  ij  inches 
wide  and  i|  inch  deep,  and  the  outer  ledge  is  f  inch  thick  at  the 
edge.  The  side  fastening  of  the  rail  to  the  sleeper  is  of  two 
pieces : — an  iron  plate  or  strap,  i  inch  thick,  having  a  spike 
welded  to  it  at  the  upper  end,  which  passes  through  the  flange  01 
the  rail,  and  a  hole  near  the  lower  end,  through  which  a  large 
spike  is  driven  nearly  through  the  sleeper.  The  fastenings  were 
applied  alternately  to  each  side  of  the  rail  at  short  intervals. 

After  the  sleepers  and  rails  were  accurately  adjusted  and  packed 
below  the  cross-sleepers,  the  spaces  between  the  cross-sleepers, 
and  the  whole  area  above  them  on  each  side  of  the  longitudinal 
sleepers,  were  filled  solid  with  concrete  to  a  total  height  of  about 

7  inches  above  the  floor  of  the  excavation,  suited  for  the  laying  of 
the  paving,  which  consisted  of  4  inches  granite  cubes  with  a  i-inch 
layer  of  sand. 


CHAPTER  III. 

RECONSTRUCTION  OF  THE  NORTH 
METROPOLITAN  TRAMWAYS. 

In  the  work  of  reconstructing  the  North  Metropolitan  Tramways 
in  1877,  Mr.  Hopkins  abandoned  the  cast-iron  chairs  or  clips 
with  the  dove-tailed  cross  tie-bars  for  connecting  the  tails,  and 
substituted  a  tie-bar,  Fig.  29,  of  the  same  scantling  as  before, 
formed  with  a  J-inch  bolt  at  each  end,  which  was  pas.sed  through 


Fig.  20.    North  Metropoltun  Tramways : — Meiliod  of  Reconslmclion. 

Scale  j. 

each  longitudinal  sleeper,  and  screwed  up  with  a  shallow  nut 
outside.  The  tie-bar  was  brought  up  with  a  square  shoulder  on  a 
washer,  to  the  inside  of  each  sleeper ;  the  nut  was  only  \  inch 
thick   in    order    to    minimise   the   projection,    and  consequent 
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inteiference  with  the  paving  at  the  other  side  of  the  sleeper. 
The  existing  foundation  was  partly  renewed  by  the  excavation, 
under  each  sleeper,  of  a  shallow  trough  in  the  concrete,  i^  inches 
deep  and  6  or  7  inches  wide.  This  trough  was  filled  with  fine 
concrete  in  which  the  longitudinal  sleepers  were  embedded  to 
the  depth  of  \  inch.  The  sleepers  were  4  inches  wide  and  5  inches 
deep,  rebated  to  ^r.  the  rails.  They  were  bedded  at  their  joints 
on  plates  of  fir,  8  inches  wide  and  2  inches  thick,  let  into 
the  foundation.  The  rails  were  of  steel,  weighing  60  lbs.  per 
yard.  They  were  of  the  box  type,  3  J  inches  wide  at  the 
suifece,  2 J  inches  deep  over  the  flanges,  and  i  \V  inches  thick. 
They  resembled  in  section  the  Vale  ot  Clyde  rail ;  they  had  the 
same  total  depth,  but  they  were  not  so  thick  as  the  other  rail. 
The  groove  was  \\  inches  wide  and  J  inch  deep,  having  only 
iV  inch  of  metal  below  the  groove.  The  tread  was  2  inches  wide, 
and  was  very  slightly  rounded  ;  the  flanges  were  f  uich  thick  at 
the  edge.  Each  rail  of  24  feet  in  length  was  fastened  by  25 
staples,  placed  at  a  pitch  of  2  feet  7  inches  at  each  side,  except 
those  at  the  ends,  where  there  were  two  pairs  of  staples,  of  which 
(me  pair  was  distant  i^  inches  from  the  end  of  the  rail,  and  the 
second  pair  was  3  inches  farther  off. 

This  mode  of  reconstruction  was  followed  until  the  end  of  1880, 
when  1 8  miles  of  single  way  had  been  reconstructed.  In  some 
places  a  longitudinal  plank,  11  inches  wide  by  i^  inches  thick, 
was  laid  below  the  sleeper  and  spiked  to  it,  in  order  to  prevent 
^nkage  of  the  adjoining  paving  sets  by  partially  supporting  them. 
The  spikes  consisted  of  3i'inch  nails  driven  down  from  the  sides 
diagonally.  In  1880,  a  length  of  3  miles  of  new  line  had  been 
laid  with  the  plank  base,  and  about  2  miles  of  old  line  had  been 
reconstructed  with  it.  The  work  of  reconstructing  old  lines  on  this 
system  was  done  principally  in  Liverpool  Road,  Islington,  and  the 
new  lines  were  laid  in  Dalston  Lane  and  Graham  Road,  Dalston, 
and  on  the  line  through  Victoria  Park  to  its  northern  terminus. 
The  work  gave  satisfaction,  excepting  at  a  few  places  where  the 
paving  sets  were  not  of  a  suitable  depth,  or  where  the  traffic  was 
admitted  over  the  work  before  the  grouting  was  sufficiently  set. 
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The  eraployment  of  the  plank  base  in  reconstruction  involved 
the  breaking  up  of  much  of  the  concrete  foundation,  which  on 
the  North  Metropolitan  system  generally  is  very  hard.  The  cost 
of  breaking  up  actually  exceeded  the  cost  of  making  everything 
good  with  Portland  cement 

The  rails,  again,  were  reduced  to  a  width  of  3I  inches,  mostly 
by  reducing  the  thickness  of  the  guard  flange,  for  it  was  ascer- 
tained that  guards  of  the  thickness  of  J  inch  or  even  slightly  less 
than  this,  are  worn  down  by  the  ordinary  vehicular  traffic  at  nearly 
the  same  rate  as  that  at  which  the  head  of  the  rail  was  worn  by  the 
ordinary  traffic  and  the  car  traffic  combined.  Such  equality  of  wear 
has  its  importance,  for  it  has  frequently  become  necessary  to  recon- 
struct lines  of  way  having  j-inch  guards  several  years  earlier  than 
would  have  been  necessary  had  the  tread  not  worn  down  much  more 
rapidly  than  the  guard.  The  slight  rounding  of  the  tread  of  the 
new  rails  has  not  been  found  to  serve  any  useful  purpose,  and  has 
therefore  been  abandoned,  and  the  tread  has  been  made  square. 
The  groove  was  reduced  to  a  width  of  iiV  inches  at  the  surface, 
which  was  believed  to  be  the  minimum  width  that  was  practicable, 
having  proper  regard  to  the  resistance  of  the  car  and  the  work  ot 
the  horses. 

But,  the  box-rail  laid  with  longitudinal  sleepers,  though  as 
good  as  most  other  systems,  and  probably  better  than  any  of 
these,  was  wanting  in  permanency,  and  in  any  case  was  un- 
suited  for  mechaliical  tractors.  Short  lengths  of  other  systems 
were  laid  down  for  trial.  The  metal  system  of  Winby  and 
Levick  was  tried  experimentally,  a  length  of  80  yards  of  single 
line  having  been  laid  early  in  1879 in  Upper  Street,  Islington.  It 
was,  and  continued  to  be  (1880),  in  good  order. 

A  trial  length  of  1 5  yards  of  toughened  glass  sleepers,  4  inches 
by  6  inches  deep,  to  the  same  section  as  the  rebated  fir  sleepers, 
was  laid  in  High  Street,  Stratford,  about  the  middle  of  1879,  and 
covered  with  the  ordinary  box-rail.  Whilst  the  new  material 
seemed  to  be  fully  capable  of  supporting  the  road  without  failure 
by  crushing,  it  was  broken  into  short  segments,  some  pieces  being 
not  more  than  6  inches  in  length,  and  the  fractures  were  nearly 


NORTH  METROPOLITAN  TRAMWAYS, 


X25 


vertical.  As  the  level  of  the  rails  was  not  aflfected  by  the  fractur- 
ing, the  sleepers  were  allowed  to  remain  where  they  were.  The 
rails  were  fastened  to  the  sleepers  by  means  of  straps  passed  under 
these.     The  straps  worked  loose  and  were  not  a  success. 


Figs.  30  and  31.    Page's  System,  North  Metropolitan  Tramways.    Scale  A. 

The  system  of  Mr.  William  Page  was  finally  selected  for  the 
renewals  and  extensions  of  the  system,  and  a  length  of  renewal  on 
this  system  was  commenced  to  be  laid  at  the  end  of  1880.  It 
was  designed  also  for  the  extension  at  Leytonstone.  The  system, 
Figs.  30  and  31,  consisted  of  a 
steel  rail,  Fig.  3 2,  weighing  42  lbs. 
per  yard,  grooved  on  the  under- 
side, to  fit  on  and  be  supported 
by  wrought-iron  standards,  which 
rested  upon  and  were  pinned  to 
a  continuous  longitudinal  iron 
plate  or  sleeper,  laid  on  a  bed  of 
concrete.  The  tread  of  the  rail 
was  perfectly  flat,  and  had  a  width 
of  1 5  inches,  the  groove  is  iiV 
inches  wide,  and  the  flange  or 
guard  is  i  inch  wide,  making  Fig.  32.  Page's  Way,  North  Meiro- 
together  a  width  at  the  surface  of  P^^^**^  Tramway.    Scale  \, 

3iV  inches.     The  groove  was  4  inch  in  depth,  and  the  sides  were 
sloped   equally.    The  depth    of  the  rail  was  2^  inches.    The 
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groove  at  the  lower  side  was  i  J  inches  deep  to  give  bearing  verti- 
cally and  laterally  on  the  supports,  the  flanges  forming  the  groove 
being  iV  inch  thick  at  the  edge.  The  standards  are  of  an  inverted 
T  section,  5J  inches  high,  3^  inches  wide  at  the  base,  and  of  a 
length  of  12  inches,  except  at  the  joints,  where  they  are  14  inches 
long.  The  thickness  of  the  web  is  J  inch,  and  the  foot  averages 
the  same.  The  head  is  i  inch  thick,  tapering  upwards  to  i  inch 
in  a  height  of  i^  inches*  The  standards  are  placed  12  inches 
clear  apart  ]  the  rails  are  secured  to  the  standards  by  means  of 
plain  round  pins  passed  right  through  the  taper  bearings,  four  at 
each  joint  and  one  at  each  intermediate  standard.  The  pinholes 
are  so  arranged  that  the  driving  of  the  pins  draws  the  rail  down 
into  close  contact  with  the  standard  and  makes  a  tight  bearing. 
The  longitudinal  base  plate  is  7  inches  wide  and  iV  inch  thick  ; 
the  standards  are  each  fastened  to  it  by  one  ^-inch  pin  with  double 
cotters. 

The  total  height  of  the  way  thus  constructed  was  7  inches.  It  is 
bedded  on  a  foundation  of  concrete  6  inches  deep,  composed  of 
one  part  of  blue  lias  litne  and  six  or  seven  parts  of  ballast.  The 
width  ot  the  bearing  of  the  permanent  way  on  the  concrete 
obviated  the  necessity  for  using  Portland  cement 

Gauge-ties  of  wrought-iron  bars  2  inches  by  A  inch  thick, 
secured  to  the  standards,  were  placed  at  intervals  of  20  feet.  They 
were  thickened  at  the  ends  to  a  thickness  of  ^inch  and  were  notched. 
Through  the  web  of  each  of  the  two  standards  to  be  tied  a  hole 
2  inches  long  horizontally  and  i  inch  deep  is  made.  Through 
the  two  holes  the  tie  is  inserted  and  then  turned  a  quarter  round 
to  a  vertical  position  edgewise.  Thus  placed  the  tie  holds  the 
two  standards  firmly,  and  it  comes  between  two  courses  of  paving 
sets  by  which  it  is  maintained  in  position.  But  as  the  permanent 
way  is  solidly  constructed,  and  the  base  plate  is  embedded  in 
the  concrete,  it  was  considered  that  the  ties  were  scarcely 
necessary,  and  they  were  therefore  to  be  discontinued. 

The  paving  used  was  6  inches  in  depth,  chiefly  of  Guernsey 
granite.  The  sets  were  bedded  on  a  layer  of  fine  gravel,  and 
were  rammed  perfectly  flush  with  the  rails.    The  sets  laid  next 
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the  rails  were  prevented  from  sinking  by  the  base-plates  of  the 
way,  which  extended  laterally  about  two  inches  under  the  paving. 
To  compensate  for  the  slight  variations  in  the  depth  of  the  sets,  as 
well  as  to  prevent  the  disintegration  of  the  grouting  in  the  joints 
of  the  paving,  which  would  result  if  the  sets  were  in  direct  contact 
with  the  elastic  iron  base-plates,  the  depth  of  the  permanent  way  was 
made  sufficient  to  admit  of  \  inch  or  \  inch  thickness  of  bedding 
below  the  sets  over  the  plates. 

The  rails,  as  before  stated,  weighed  42  lbs.  per  yard,  and  the 
base-plates  22  lbs.  per  yard,  The  joint  standards  weighed 
13}  lbs.  each,  and  the  intermediate  standards  11 J  lbs.  each.  The 
cotter-bolts  weighed  one  ton  per  mile,  and  the  cotter-pins  for  the 
rails  ^  ton  per  mile ;  the  cross-ties  weighed  26  cwt.  per  mile. 

In  proceeding  with  the  work  of  reconstruction  and  renewal, 
after  the  way  was  lifted,  a  thin  stratum,  an  inch  or  so  in  thickness, 
was  picked  off  the  old  concrete  bed,  where  it  was  in  good  condition, 
and  the  vacancy  was  made  good  under  the  base-plate  with  fine 
concrete.  Where  the  old  concrete  was  in  bad  condition  it  was 
entirely  removed.  The  parts  of  the  iron  way  were  put  together 
in  the  excavated  space,  propped  on  temporary  packing  of  wood 
or  other  material,  so  that  the  base-plate  was  sufficiently  elevated 
above  the  floor  of  the  excavated  space  to  admit  of  the  holding- 
down  bolts  being  inserted.  When  the  whole  of  the  metal  work 
was  erected  it  was  lifted  bodily  into  its  permanent  position  by 
means  of  levers,  and  was  temporarily  repacked  up  with  blocks  6  feet 
or  8  feet  apart  The  new  concrete  was  then  deposited  and  packed 
under  the  base-plate.  When  it  was  stiff  enough  to  bear  the  weight 
of  the  way — which  it  usually  became  in  the  course  of  an  hour  or 
two — the  temporary  packing  was  removed,  and  its  place  was  filled 
with  concrete.  The  space  between  the  rails  was  filled  in  with 
concrete  to  the  proper  level  required  for  the  support  of  the  paving. 

In  packing  the  rails  with  concrete  it  was  put  in  from  one 
side  only,  and  shovel-packed  from  that  side,  and  the  packing 
was  continued  until  it  was  driven  out  in  a  full  body  at  the 
other  side  of  the  rail.  When  the  clear  space  below  the  base- 
plate to  be  packed  up  was  but  one  or  two  inches  deep,  it  was 
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especially  needful  that  the  packing  should  be  accomplished  as 
above  described,  otherwise  it  might  frequently  have  happened  that 
the  concrete  only  advanced  an  inch  or  so  under  the  base-plate  at 
each  edge,  leaving  the  interior  unsupported. 

The  granite  sets  on  the  North  Metropolitan  Tramways  vary  in 
depth  from  4  inches  on  some  routes  to  9  inches  on  others.  On 
most  of  the  lines  6-inch  sets  are  used.  They  are  laid  over  a  layer 
of  gravel  or  shingle,  from  an  inch  to  i^  inches  in  thickness,  which 
is  compressed  by  the  ramming  of  the  pavement  to  a  thickness 
of  from  ^  inch  to  }  inch.  Frequently  a  little  dry  lime  is  mixed 
with  the  bedding.  With  respect  to  the  width  of  the  pavement 
laid  by  the  Tramway  Company,  the  local  and  the  road  authorities 
generally  succeed  in  enforcing  claims  on  the  Tramway  Company, 
before  Parliamentary  Committees,  by  which  it  is  compelled  to 
have  a  greater  width  than  the  usual  and  sufficient  allowance 
of  18  inches  outside  of  the  way. 

The  cost  of  Mr.  Page's  system  of  tramways,  taken  as  new,  is 
here  given,  followed  by  the  cost  for  reconstruction  : — 

Quantities   and   Costs  per  Mile,  Single  Line,  of  Page's 
System.    North  Metropolitan  Tramways,  March,  1881. 

£     •.    d. 

Breaking  up  macadam  road  and  excavat- 
ing to  depth  of  12^  inches  and  removing 
surplus,  4,981  square  yards     .  .    @  is.  249     i     o 

Blue  lias  lime  concrete,  6  inches  deep, 
4,981  square  yards ,.    is.  9d.        435  17    o 

Steel  rails,  42  lbs.  per  yard,  66  tons. 

Wrought-iron  bearers,  12  inches  long, 
4»752  @  11}  lbs.  each,  24  tons  18  cwts. 

2  qrs.  4  lbs. 

Wrought-iron  joint  bearers  14  inches  long, 
528  @  13}   lbs.  each,    3    tons   4  cwt. 

3  qrs.  8  lbs. 

Wrought-iron  plates,  22  lbs.  per  yard, 
34  tons,  1 1  cwt.  I  qr.  16  lbs. 

Total,  128  tons  14  cwt.  3  qrs.      .        •    «  ;^8  5s.      1,062     i     9 

Carried  forward £^>7A^  J  9    9 
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£       I.  d. 

Brought  forward i»746  ^9  9 

Wrought-iron  ties,  264  @   11   lbs.  each, 

I  ton  5  cwt.  3  qrs.  20  lbs.        .        .        -    ®  £7  los.           9  14  7 

Cotter  bolts  and  keys  (5,280),  i  ton    .        .                              16  10  o 

Rail  pins  (7,862),  ^  ton „  £1^  los.          6  15  o 

Laying,  watching  and  lighting,  1,760  yards    „  2s.                176    o  o 

Total  cost,  exclusive  of  paving    .        .                        i>955  19  4 
Paving,  say  6  inches  by  4  inches,  granite 

sets,  laid  and  grouted,  4,688  yards         .    »   iis.           2,728    8  o 

Total     .                         .        .        .                     jf 4*684    7  4 


Renewal  and  Reconstruction  of  Way  on  Page's 

System,  1881. 

Take  up  paving  next  rails  and  defective 

parts,  say  half  total  area,  2,344  square 

yards @  6d.  58  12    o 

New  steel  rails,  66  tous 

New  bearers,  say  10  per  cent,  of  original 

quantity,  3  tons 

Total,  69  tons >»  jf  8  5s.         569    5    o 

Rail  pins,  i  ton „  £1^  los.         6  15    o 

Laying  new  rails,  lighting  and  watching 

1,760  yards i>    is.  88    o    o 

Necessary  dressing  and  relaying  paving 

with  20  percent,  new  stone, 2,344 yards  .     ,,  6s.  703    4    o 

Credit  old  rails,  &c.,  say    ....  179    o    o 

Total  cost,  including  paving  .        .  1,246  16    o 

The  North  Metropolitan  Tramways  are  now  (1892),  and  have 
recently  been,  in  course  of  entirely  new  reconstruction,  in  which 
all  other  systems  of  way  on  these  tramways  have  been  superseded 
and  replaced  by  the  steel  girder  rail. 


CHAPTER  IV. 

RECONSTRUCTION  OF  THE  LONDON  AND 
LONDON  STREET  TRAMWAYS. 

London  Tramways. 
The  way  of  the  London  Tramways  was  renewed  in   1879 — So, 
with  the  Aldred-Spielmann  rail,  illustrated  by  Figs.  33  and  34. 
The  two  half-rails,  Fig.  34,  which  are  of  steel,  are  laid  so  as  to 


FlO.  33.     The  Aldred-SpieliDaan  Way,  London  Tramwayi.     Scale  -.}^. 


FW.  34.    Tte  Aldred-Spielmann  Rail,  Lond„n  Ir-jinways.     Sca!c  j. 

break  joint  in  the  chairs,  and  are  fixed  in  position  by  a  wooden 
key.    The  bearing-rail  takes  a  square  bearing  on  the  raised  seat 
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at  the  bottom  of  the  opening  of  the  chair,  and  by  its  inclined 
saiiace  of  contact  it  holds  the  guard  rail  in  place.  Each  half-rail 
is  21  feet  in  length;  it  weighs  32  lbs.  per  yard;  making  for 
the  whole  rail  64  lbs.  per  yard.  The  tread  of  the  rail  is  i  J  inches 
wide,  the  groove  is  i  inch  wide  and  i  inch  deep,  and  the  guard  i& 
i  inch  wide  at  the  surface ;  making  the  whole  width  3}  inches. 
The  rail  is  3I  inches  in  depth.  The  chairs  are  hollow  castings, 
combining  strength  and  comparative  lightness,  though  weighing 
37 J  lbs.  each — in  consideration  of  the  double  function  of  holding 
the  half-rails  together  and  the  maintenance  of  the  break-joints  ot 
the  two  halves  with  each  other.  They  give  a  bearing  fpr  the  rails 
4  inches  long,  and  as  they  are  placed  at  3  feet  apart  between  centres, 
the  net  space  between  the  chairs  is  reduced  to  2  feet  8  inches. 
The  chairs  are  screwed  down  on  transverse  timber  sleepers, 
\^  inches  deep,  9  inches  wide  and  6  feet  6  inches  long.  The 
height  of  the  chair  is  7  J  inches,  by  which  room  is  provided  for 
4-inch  or  5-inch  sets,  clear  of  the  spike  heads.  Added  to  the 
depth  of  sleeper,  4  inches,  and  i  \  inch  more  to  the  bottom  of  the 
excavation,  the  total  depth  of  the  excavation  amounts  to  13  inches 
below  the  level  of  the  rail.  A  bed  of  Portland  cement  concrete, 
8j^  inches  deep,  is  brought  up  from  the  bottom  of  the  excavations, 
enveloping  the  sleepers.  A  ^-inch  layer  of  sand  is  spread  over 
the  surface,  and  4-inch  cubes  are  laid  as  paving. 

The  following  is  the  cost  for  one  mile  of  the  Aldred-Spielmann 
double  way.  The  rails  cost  £^^  5s.  od.  per  ton  in  1879,  and 
^6  17s.  6d.  per  ton  in  1880  ;  average,  say,  £fi  per  ton ;  chairs, 
^4  per  ton  ;  screws,  ;£'i5  per  ton  : — 

Quantities  and  Cost  per  Mile,  Double  Line,  of  the 
Aldred-Spielmann  Way— London  Tramways,  1879— 1880. 

'  Per  mile.  • 
£         »•      d- 

Steel  rails,  64  lbs.  per  yard,  200  tons  .  ®  £t  ,  1,200    q    o 

Cast-iron  chairs,  116  tons  .        .  •     ,,  ;£4  464    0.0, 

Screws,  5  tons     .        .        .  .        .    ,,  ;£i5  75    0.0. 

Carried  forward ;£^739    o    o 

K  2 
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Per  mile. 

Brought  forward   . 

•        • 

• 

1739      0      0 

Sleepers,  3,520 

.      @    IS. 

lod. 

322    14      0 

Keys,  7,040,  per  thousand  . 

•     ^*£2^ 

21       2       0 

Concrete,  2,100  cubic  yards 

'    „  13s. 

1,365      0      0 

Sand,  1,760  lineal  yards 

.     ,,  6d. 

44      0      0 

Excavation,  &c.,  9,973  square  yards  . 

.     ,»  IS. 

498    13       0 

Laying,  watching  and  lighting,  1,760  lineal 
yards „  4s.  352    o    o 

Total  cost  per  mile  double  line,  exclusive  of 
paving 4,342     9     o 

Do.  do.  single  line,  do.  do £2>^7^    4    6 

There  are  now  (1892)  six  different  sections  of  rails  in  the  ways, 
comprising  a  light  section  and  a  heavy  section  of  the  Aldred- 


FiG.  35.     Go  wans  Girder  Rail.    Scale  J. 

Spielmann  rail,  the  Rymney  or  box  rail,  the  Gowans  girder  rail,  a 
rail  laid  in  chairs,  of  a  deck  beam  section,  and  a  girder  rail  of 
recent  sections.  The  Gowans  way  was  laid  in  1879,  in  the 
Brixton  Road,  for  a  length  of  ij  miles.  This  rail,  Fig.  35,  which 
was  patented  in  1878,  is  a  modification  of  the  girder  rail,  in 
which  the  lower  flange  is  wider  at  the  outer  side,  under  the 
tread,  than  at  the  inner  side.  Openings  are  made  through  the 
web  of  the  rail  at  short  intervals,  in  order  to  lighten  the  rail, 


LONDON  TRAMWAYS.  1 33 

and  to  admit  of  the  bonding  of  concrete  packing  of  the  rails. 
This  system  was  laid  experimentally  in  Edinburgh  in  1877—78. 
It  has  also  been  laid  in  Dundee,  Manchester,  Sunderland,  and 
London. 

The  Gowans  rails  are  of  steel,  rolled  in  lengths  of  27  feet, 
and  they  weigh  85  lbs.  per  yard.  They  are  7  inches  in  depth, 
and  the  base  is  7  inches  wide,  placed  eccentrically  to  the  web, 
for  the  reasons  already  explained.  The  tread  is  iiV  inches 
wide,  the  groove  is  i  inch  wide,  and  the  guard-flange  is  \-^i  inches 
wide  ;  making  together  a  width  of  3  inches.  The  web  is 
fully  I  inch  thick  at  the  central  part,  tapering  to  a  thickness  of 
fully  -iV  inch  at  the  upper  and  lower  parts.  The  base  is  t  inch 
thick  near  the  web,  and  tapers  in  thickness  to  J  inch  at  the  edges. 
The  rails  are  fished  with  plates  weighing  18  lbs.  per  pair.     Each 


Fig.  36.    Gowans  Way,  London  Tramways.    Scale  ^. 

rail  is  laid  direct  on  a  longitudinal  bed  of  concrete  15  inches  wide 
and  6  inches  deep,  as  shown  in  Fig.  36.  Between  and  outside 
the  longitudinal  beds  of  concrete  and  the  rails,  a  bed  of  concrete 

6  inches  deep  is  laid  for  the  entire  width  of  the  excavation,  to 
support  the  paving.  It  is  laid  on  the  floor  of  the  excavated 
space,  10 J-  inches  below  the  surface,  such  that  above  the  concrete 
there  is  depth  for  a  J-inch  layer  of  sand  and  4-inch  paving  cubes. 
The  bases  of  the  longitudinal  beds  of  concrete  are  13  inches 
below  the   surface,   comprising  6  inches  for  the  concrete  and 

7  inches  for  the  rail.  The  wide  bed  of  concrete  overlaps  the 
longitudinal  beds  by  a  depth  of  2  ^  inches,  and  to  this  extent  the 
rails  are  embedded  in  it  and  secured  to  the  gauge  \  though  it  is 
difficult  to  perceive  in  what  way  the  openings  in  the  webs  of  the 
rails  peculiar  to  Mr.  Gowans'  system  are  utilised,  for,  whilst  the 
ostensible  purpose  of  the  openings,  called  "  quatrefoils,"  though 
in  reality  trefoils,  is  to  permit  of  the  bonding  of  concrete  through 
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the  rail,  the  concrete  scarcely  reaches  above  the  lower  sides  of  the 
openings.  On  a  ^inch  layer  of  sand,  4-inch  paving  cubes  are 
laid,  flush  with  the  rails. 


Quantities  and  Costs  per  Mile,  Double  Line,  of  Cowans 
Girder  Railway— London  Tramways,  1879. 

Steel  rails,  85  lbs.  per  yard,  267  tons 
Fish  plates,  6  tons  6  cwt.    . 
Bolts  and  nuts,  i  ton  8  cwt. 
Concrete,  1,866  cubic  yards 
Sand,  1,760  lineal  yards 
Excavation,  &c.,  9,973  square  yards 
Laying-,  watching  and  lighting  1*760  lineal 
yards tt  4s 


@  jf  8  los. 

13s. 
6d. 
I  id. 


(• 


»» 


Cost  of  way,  per  mile,  double  line 
Do.  do.  single  line 


2,270 

50 

28 

1,212 

44 
457 


9. 
o 

8 

o 

18 

o 

2 


352 


d. 
O 

O 

O 

O 

O 

O 


4.414    8    o 
2,207    4    o 


The  London  Street  Tramways. 

Th6se  tramways  were  laid  originally  on  the  Larsen  system  of  way. 
The  way  has  been  to  a  great  extent  (1892)  replaced  by  girder  rails 
weighing  90  lbs  per  yard.  The  girder  rail  has  also  been  laid  on 
all  new  lines  for  the  last  seven  or  eight  years. 


CHAPTER   V. 

RECONSTRUCTION  OF  THE  SOUTH  LONDON 

TRAMWAYS. 

Mbaeiks'  system  of  way,  Fig.  37,  as  originally  adopted  for  the 
Southwark  and  Deptford  Tramways,  under  the  direction  of  Mr.  W. 


Fig.  37.    Meakins  Way,  Soutbwark,  BatterMa.     Scale  ■^. 

Shelford,  the  engineer;  and  for  the  South  London  Tramways,  in  the 
Battersea    District,    under    the 
direction  of  Mr.  A,  J.  D.  Cameron, 
the  engineer,  was  arranged  by  Mr 
John  Dixon,  the  contractor  for 
both  of  these  works.    The  gauge 
of  the  ways  is-  4  feet  Z^  mches 
The  rail,  Fig.  38,  is  composite, 
consisting  of  a  steel  rail,  havmg  a 
central  web,  weighing  52  lbs.  per 
yard,  riveted  to  and  between  two 
a.Dgle-irons,  weighing  each  30  lbs 
per  yard,  making  together  a  com- 
pound   rail    weighing    112   lbs. 
per  yard,   of  a    total   height  of    F10.3S.   MeakiniWay.Southwark, 
S  inches.    The  angle  irons,  rolled         B.t«r«a.-R.u.    Scaki. 
vrith  comparative  facility,  are  3  inches  by  6  inches  high,  antf 
I  inch  thick,  and  forming  a  base  6^  inches  in  width.    The  rail  is 
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4i  inches  deep,  the  head  being 

2  inches  deep,  and  i*,-  inch  in 

thickness.     The  tread  of  the 

rail    is    ij  inches  wide,   the 

groove  is  ^i  inch  wide  and 

i  inch  deep,  and  the  guard 

flange  is-i^f  inch\\-ide;  making 

together  a  width  at  the  surface 

-j    of  zi  inches.  Theguard  flange, 

JS    it  should  be  noted,  is  lower 

in     than  the  tread.    The  rail  is 

„.     joined  to  the  angle-irons  with 

I     j-inch  rivets,  at  6  inches  of 

It    pitch  ;  and  the  angle-irons  are 

^     riveted  together  at  intervals  of 

j,"     two  feet,  except  at  the  junction 

,  g     of  two  lengths,  where  the  rivets 

I     are  only  six  inches  apart.    The 

H     rails  are  24  feet  in  length,  and 

o     break  joint  with   the   angle- 

o     irons  to  the  extent  of  2  inches ; 

^     and  are  thus  held  in  line.  They 

j|     are  also  fished  with  flat  plates 

and  four  bolts  and  nuts  (see 

S-    old  joint,  Fig,  39). 

=        The  rails  are  held  to  gauge 

S5    by  wrought-iron   rie-rods,   ij 

g     inches  by  t  inch  thick,  three 

C     to  each  length  of  rail,  notched 

at   the   ends,  passed  through 

horizontal  slots  in  the  heads 

of  the  rails,  and  turned  into  a 

vertical  position  so  as  to  hold 

the  rails  in  gauge. 

The  foundation  consists  of 
a  bed  of  Portland  cement  con- 
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Crete,  1 1  inches  deep  and  1 1  feet  wide,  comprising  an  allowance  for 
pavement  of  3  feet  outside  the  rails,  on  each  side.  The  concrete 
is  composed  of  six  measures  of  Thames  ballast  to  a  2-inch  ring 
gauge,  and  one  measure  of  Portland  cement.  The  rails  are  laid 
on  the  foundation  and  duly  gauged,  when  a  i-inch  layer  of  fine 
concrete,  composed  of  three  parts  of  Thames  ballast  to  a  i-inch 
^^g  gauge  to  one  part  of  Portland  cement,  is  deposited  on  the 
foundation  concrete,  enveloping  and  fixing  the  rails  in  place.  At 
the  same  time  the  rails  are  filled  flush  at  the  sides  with  fine 
concrete.  The  excavation  for  this  work  is  required  to  be  19  inches 
deep  and  1 1  feet  wide. 

The  work  is  covered  in  with  granite  paving,  7  inches  deep,  in 
4-inch  courses,  bedded  on  the  fine  concrete,  to  finish  at  a  level 
i  inch  above  the  rails.  The  paving  is  grouted  with  a  mixture  of 
blue  Lias  lime  and  coarse  sand  in  the  proportion  of  one  to  one, 
and  is  blinded  with  fine  coarse  ballast.  The  hardest  sets  are  laid 
next  the  rails. 

The  following  are  particulars  of  the  cost  per  mile,  single  line,  of 
the  way,  laid  for  a  width  of  1 1  feet : — 

Quantities  and  Cost  per  Mile,  Single  Line,  of  Meakins 
Way— South  London  Tramways,  1880. 

Rails  112  lbs.  per  yard,  176  tons;  tie-bars 

and  fishes,  5^  tons  ;  laid  complete,  1.760 

lineal  yards %  26s. 

Excavation,  lifting  and  carting  away,  19 

inches  deep,  11  feet  wide,  3.406  cubic 

yaros         ■••■••• 
Concrete,    12  inches  deep,  11  feet  wide, 

2,151  cubic  yards     .... 
Watching  and  lighting 


Total  for  the  way 
Paving,  II  feet  wide,  6,453  square  yards 

Total  for  the  way  and  paving  . 


%  26s. 

2,288    0 

0 

,,  2s.  6d. 

425  15 

0 

„  13s. 

1.398    3 

0 

30    0 

0 

4,141  18    o 

„    T4S.  4,517      2      O 


;^8,66o    o    o 


For  the  usual  width  of  paving,  C  feet,  for  a  single  line,  the  cost 


^ 
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for  excavation  and  concrete  is  reduced  by  ;f  482  os.  6d.,  making 
the  cost  of  the  way  ;£'3,659  17s.  6d.  per  mile,  single  line ;  for  the 
pavement  ;£3,o8o;  making  together  ^£6,739  17s,  6d. 

The  cost  per  mile  of  single  way,  as  in  1892,  is  given  by 
Mr.  Gurdon  L.  Stephenson,  the  engineer  of  the  tramways,  as 
follows : — 


Estimate— Girder  Rail  for  7-inch  Paving,  1892. 

£        t.     d. 

Rails,  112  lbs.  per   yard  =176  tons  per 

mile ;  fishes  and  bolts,  12^  tons  per  mile 

(no  tie-rods) :  1,760  lineal  yards     .  @  i6s.  6d.     1,452    o     o 

Excavation,  lifting  and  carting  away,  19 

inches  deep,   11  feet  wide,  3,406  cubic 

yards f»  3s.  510  18     o 

Concrete,  12  inches  deep,  11  feet  wide, 

2,151  cubic  yards ,,  13s. 

Watching  and  lighting      .... 

Total  for  the  way     .... 
Paving,  II  feet  wide,  6,453  square  yards   .     ,,  12s. 

Total  for  the  way  and  paving,  per 
mile,  single  line    .... 


1,398    3 
30    0 

0 
0 

3»39i     I 
3.871   16 

0 
0 

£ia(>2  17 

0 

The  Meakins  rail  was  at  best  a  pioneer  rail,  built  up,  as  the 
rail-makers  were  not  prepared  with  suitable  machinery  for  rolling 
large  rails  in  one  piece.  It  was  proved  by  experience  that  the 
old  joint,  shown  in  Fig.  39.  was  the  weakest  point  of  the  rail.  It 
became  impossible,  after  a  time,  to  keep  the  joints  tight ;  and  Mr. 
Stephenson  adopted  new  joints,  as  shown  in  Fig.  40,  made 
with  a  pair  of  angle  fish  plates,  3  feet  long,  riveted  to  the  rails 
with  six  rivets,  or  bolted  with  six  ^-inch  bolts  and  nuts,  where 
riveting  was  not  allowable.  With  these  fittings,  the  screw- 
threads  having  been  burred,  the  joints  keep  quite  tight,  and  do 
not  require  screwing  up  fi-om  time  to  time.     The  whole  of  the 
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Heakins  rail  that  was  laid,  about  ten  miles  of  single  line,  continues 
in  use. 

A  portion  of  the  way  was  laid 
on  the  Barker  system.  It  is  now  in 
ourse  of  replacement  by  the  girder 
rail. 

In  April,  1892,  making  together 
about  twelve  street  miles,  there  were 
about  four  miles  of  the  Meakins  way, 
one  mile  of  the  Barker  way,  and 
seven  miles  of  the  girder  way. 

In  adopting  the  girder  rail  in 
1877,  Mr.  Stephenson,  failing  to  get 
what  he  required  in  England,  had 
recourse  to  the  Phoenix  Works  at 

Ruthon,    where    he    succeeded    i„    ^'-^^■.  ^i^YZ'tS'Z. 
getting    rails    of    section     No.    1,        Fish-plates.    Scale  \. 
Fig.  41,  rolled,  which  he  ndapted 
to  7-inch  paving.     No.  2  section  he  adopted  for  6-inch  paving. 


Total  height  of  rail 
Width  of  base 

Do.  head     . 

Do.   rolling  face 
Thickness  of  web 
Average  thickness  of  foot 
WeiRht  per  yard  . 


3i      ,.  3ir      .. 

IS      ..  iS      .. 

4      ..  A      .. 

ti2  lbs.  90  lbs. 


Unusually  large  fish-plates  are  employed  for  the  girder  rail : 
1  feet  in  length,  about  \  inch  thick,  weighing  61  lbs.  and  40  lbs. 
per  pair  respectively. 


1 


CHAPTER  VI. 

RECONSTRUCTION  OF  THE  LIVERPOOL 

TRAMWAYS. 

The  Liverpool  Tramways  were  reconstructed  in  1877 — 7^>  ^^  the 
system  of  Mr.  George  F.  Deacon,  the  borough  engineer,  who 
prepared  the  plans  and  specifications  for  the  works,  and  under 
whose  superintendence  they  were  constructed.  They  comprised 
the  inner  circle  and  a  section  traversing  Lime  Street  and  Renshaw 
Street,  making  a  total  length  of  3,170  yards,  after  having  been  in 
operation,  as  originally  constructed,  for  a  period  of  six  or  seven 
years.  This  renewed  length  cost  for  maintenance,  in  1879, 
;^43>  or  £^2\  per  mile.  The  original  lines  then  in  course  of 
reconstruction  had  more  recently  cost  for  maintenance  from  £1^0 
to  ;^Soo  per  mile. 

Inner  Circle. 

The  leading  feature  of  Mr.  Deacon's  system,  illustrated  by  Figs. 
42  and  43,  is  the  method  of  fastening  the  rail  to  the  longitudinal 
sleeper  and  the  foundation  of  concrete,  by  means  of  a  central 
bolt  The  fastening  is  suitable  for  a  side-groove  or  a  central- 
groove  rail;  but  in  Liverpool  the  central  groove  has  been  adopted. 
Tlie  width  of  exposed  metal  surface  is  thereby  reduced  to  a 
minimum,  whilst  the  whole  area  not  occupied  by  the  groove 
being  utilised  as  a  tread,  the  total  width  of  tread  or  rolling  surface 
is  greater  than  that  of  the  ordinary  grooved  rail. 

In  order  at  once  to  place  the  pavement  and  the  rails  on  the 
same  foundation,  and  to  render  the  whole  surface  uniform,  the 
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streets  of  the  inner  circle  have  been  entirely  repaved,  and  provided 
with  new  foundations  of  concrete  for  their  whole  width  of  carriage- 
way, simultaneously  with  the  laying  of  the  tramways.  The  old 
foundations    of   the    tramways    and    the   streets   were   entirely 


ings.     Scale  \, 

taken  out,  and  the  excavation  cleared  to  a  depth  of  i^i  inches 
below  the  permanent  surface  of  the  street  On  the  bottom,  a 
foundation  of  concrete,  made  with  Portland  cement,  7  inches 
deep,  was  laid  for  the  whole  width  of  the  street,  and  finished  with 
a  smooth   surface.     The   concrete  was   left  alone   to   set  and 
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harden,  for  eight  days  at  least,  before  any  paving  was  laid.  The 
longitudinal  sleepers  on  which  the  rails  were  laid,  were  of  Memel, 
Dantzicy  or  Riga  red  pine,  5  J  inches  deep  and  3  J  inches  wide. 
For  straight  lengths,  they  were  of  either  of  two  lengths,  24  feet 
2  inches  or  18  feet  \\  inches.  For  curves  they  were  in  lengths  of 
6  feet  }  inch,  sawn  from  the  solid  wood  to  the  required  curvature. 
The  upper  surface  of  the  sleeper  was  moulded  to  the  form  of  the  rail. 
Openings  were  cut  into  the  sleeper,  from  the  upper  face  and  one  of 
the  sides,  to  receive  the  fastenings.  All  the  sleepers  were  creosoted 
with  not  less  than  10  lbs.  of  creosote  oil  per  cubic  foot  of  timber. 
The  sleepers  were  placed  in  position  when  the  concrete  became 
perfecdy  firm,  and  after  the  nuts  had  been  placed  on  the  holding* 
down  bolts. 

The  rails  are  of  Bessemer  steel,  weighing  61  lbs.  per  yard, 
rolled  in  lengths  of  24  feet  2  inches  with  ten  per  cent  21  feet  or 
17  feet  in  length,  and  making  up  pieces  of  shorter  lengths.  They 
are  3i  inches  wide  and  3  J  inches  deep  over  the  flanges.  The 
groove  is  in  the  middle  of  the  upper  surface,  i  inch  wide  and 
\\  inch  deep,  formed  into  a  semicircle  at  the  bottom.  The  upper 
bearing  surfaces  at  the  sides  of  the  groove  are  each  i^  inches  wide ; 
together  2\  inches.  Some  allowance,  Mr.  Deacon  admits,  must 
be  made  for  defective  gauging  of  wheels  and  rails ;  but  he  is  ot 
opinion  that  even  }  inch  is  ample  width  of  groove.  The  thick- 
ness of  the  rail,  measured  from  the  surface  is  if  inches.  Under 
the  groove  the  thickness  is  reduced  to  a  half,  or  \\  inches ;  but^ 
as  the  depth  of  the  groove  is  twice  as  great  as  the  depth  of  the 
wheel  flanges,  the  rail  cannot  be  worn  at  that  point  The  flanges 
depend  ij  inches  below  the  head;  they  are  of  great  strength, 
being  \  inch  thick  near  the  edges,  and  thickening  upwards.  The 
test  applied  to  the  rails  was  the  fall  ot  a  weight  of  20  cwt,  through 
a  height  of  12  feet,  upon  the  middle  of  a  rail  laid  on  supports,  on 
a  span  of  5  feet  If  the  rail  be  cracked  by  this  test,  the  other 
rails,  made  from  the  same  charge,  are  liable  to  be  rejected.  The 
rails  were  also  tested  by  chemical  analysis.  Such  as  were  found  to 
contain  less  than  0*30  per  cent,  or  more  than  0*45  per  cent  of 
carbon,  were  liable  to  be  rejected. 
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The  rails  were  coated  at  the  under  side  with  thick  coal  tar, 
preparatory  to  being  laid  in  position  on  the  sleepers.  They  are 
fastened  by  means  of  a  central  j-inch  bolt,  of  adjustable  length, 
fanned  with  an  eye  at  the  upper  end,  which  embraces  a  ^-inch 
round-iron  cross  pin,  passed  horizontally  through  2-inch  round 
holes  in  the  flanges  of  the  rail.  The  bolt  passes  down  through 
the  sleeper,  and  nearly  through  the  stratum  of  concrete,  and  is 
fanned  with  a  head  at  the  lower  end,  which  takes  a  bearing  upon 
a  round  cast-iron  plate  or  washer,  6  inches  in  diameter,  which, 
with  the  lower  portion  of  the  bolt,  is  imbedded  in  the  concrete. 
The  bolt  is  parted  above  the  concrete,  within  the  body  of  the 
sleeper,  and  the  parted  ends  are  united  by  a  right-and-left-handed 
double  nut,  afiording  the  means  of  solidly  screwing  down  the 
rail  upon  the  sleeper,  and  both  together  to  the  foundation.  When 
the  screwing  down  is  completed,  the  side  opening  is  covered  by  a 
sheet  of  canvas,  coated  with  red  lead.  A  holding-down  bolt  is 
applied  at  a  distance  of  8  inches  from  the  end  of  every  rail,  and 
intemiediately  at  intervals  of  about  3  feet  2  inches.  The  holding- 
down  bolts  are  placed  in  position  before  the  washers  are  bedded, 
and  each  bolt  is  enveloped  in  a  cast-iron  thimble,  which  is  with- 
drawn after  the  concrete  is  set  In  laying  the  washers,  a  framed 
template  is  used,  from  which  the  bolts  are  hung  in  their  proper 
positions.  The  wrought  iron  was  to  be  capable  of  bearing  a 
tensile  stress  of  twenty-one  tons  per  square  inch.  The  cast  iron 
was  to  be  of  such  strength  that  a  bar  i  inch  square,  3  feet  6  inches 
long,  should  not  break  with  a  weight  less  than  850  lbs.  applied  at 
the  middle,  on  a  span  of  3  feet 

The  paving  sets  are  from  7  to  7^  inches  deep,  laid  on  a  ^-inch 
layer  of  sand ;  except  the  sets  next  the  rail,  which  consist  of  the 
most  durable  stone,  the  hardest  granite,  or  cross-grained  trap. 
These  are  carefully  hammer-dressed  in  such  a  manner  that  their 
edges  touch  the  sides  of  the  rails,  and  that  they  touch  each  other 
at  their  surfaces  near  the  rails ;  so  that  the  upper  surfaces  of  the 
paving  sets  next  the  rails  are  practically  continuous.  Mr.  Deacon 
considered  that,  by  this  means,  the  rate  of  wear  and  loss  of  level  of 
pavement  next  the  rails  would  be  reduced  to  a  minimum,  and  that 
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the  inconvenience  of  hollows  or  differences  of  level  between  the  rails 
and  the  pavement  would  be  obviated.  The  sets  next  the  rails  are 
bedded  on  cement  instead  of  sand ;  they  are  alternately  wholes  and 
halves,  and,  as  they  are  accurately  gauged  in  all  directions,  they 
can  be  drawn  and  replaced  by  similar  sets  without  disturbing  the 
surrounding  pavement  The  sets  are  from  5  to  7  inches  long, 
and  are  of  such  thickness  that  four  sets,  chosen  at  random  and 
placed  side  by  side,  may  measure  not  more  than  14  inches  across 
all  the  stones.  The  sets  are  laid  as  closely  as  is  consistent  with 
the  straightness  of  the  courses.  The  joints  are  then  filled  with 
clean  dry  gravel,  from  ^V  inch  to  f  inch  in  diameter,  which  is 
shaken  down  by  the  ramming  of  the  sets.  This  process  is  repeated 
until  the  joints  are  filled  with  gravel,  and  the  sets  no  longer  shake 
under  the  rammer.  The  joints  are  finally  run  up  with  a  boiling 
mixture  of  pitch  and  creosote,  by  which  the  smallest  crevice  or 
interstice  is  completely  occupied,  and  the  joint  is  made  watertight. 
The  whole  length  of  the  inner  circle  has  been  reconstructed 
and  opened  for  traffic.  The  ordinary  cars  run  upon  the  new 
line  with  greater  ease,  it  has  been  reported,  than  upon  the  original 
portions  of  the  line.  As  the  ordinary  car  wheels  wore  out,  they 
were  replaced  by  central  flange  wheels,  having  a  tread  on  each 
side  of  the  flange.  Until  the  whole  of  the  lines  were  reconstructed, 
the  central-flange  wheels  ran  upon  both  the  side-grooved  and  the 
central-grooved  rails. 

Branch  Lines. 

The  general  principle  adopted  in  the  construction  of  the  inner 
circle  of  tramways,  by  which  uniformity  of  foundation  and  of  pave- 
ment was  insured,  and  by  which  the  rail  was  firmly  secured  to  the 
foundation,  was  maintained  in  the  modified  design,  Figs.  44  and  45, . 
proposed  for  the  branch  lines,  which  are  thus  described  : — 

Throughout  the  inner  circle,  paving  sets  from  7  to  7  J  inches 
deep  have  been  employed;  but  these  dimensions  exceed  by 
I  inch  the  depth  of  paving  sets  generally  adopted  in  Liverpool, 
for  all  streets  except  those  of  the  very  heaviest  traffic.  If  rails 
of  the  same  section  as  that  of  the  rails  laid  on  the  inner  circle 
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were  employed  for  the  shallower  paving,  it  would  be  difficult  to 
reduce  the  depth  of  the  sleepers  by  i  inch,  without  unduly  cutting 
away  the*sleeper  at  each  bolt  For  this  reason,  and  also  with  a 
view  to  the  arrangement  of  the  fastenings,  so  that  the  rail  might 
either  be  fastened  down  or  removed  without  disturbing  any  sets. 


Rjul and FuleniDEs.  Scale^.  Scale  J. 

the  cast-iron  washers  differ  from  those  of  the  inner  circle,  in 
having  a  larger  hollow  to  recdve  the  head  of  the  bolt,  and  having 
the  bolt  hole  half  an  inch  larger  than  the  bolt  Before  the  concrete 
was  laid,  the  level  of  the  washer  was  fixed  by  a  slate,  placed 
underneath  it,  or  by  a  stone,  or  a  brick,  by  which  the  washer 
was  supported.     While  the  concrete  was  being  formed  above  the 
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washer^  the  thimble  remained  round  the  bolt,  and  was  withdrawn 
when  the  concrete  was  set  The  vertical  holes  through  the  sleepers, 
also,  were  half  an  inch  larger  than  the  bolts.  The  upper  end  of 
the  bolt  was  screwed  into  a  covered  nut  of  phosphor  bronze,  which 
was  sunk  into  the  rail,  through  the  bottom  of  the  groove,  and  made 
a  tight  fit  therein  with  red  lead.  The  bolt,  where  it  passed 
through  the  rail,  was  also  a  good  fit.  As  the  bolt  was  free  to  move 
in  the  concrete,  vertically  or  laterally,  with  the  rail,  the  joint  was 
free  from  liability  to  dislocation  by  vibration  or  weight  of  traffic. 

In  the  fastenings,  shown  in  Fig.  44,  the  cast-iron  washer 
projects  upwards  so  that  its  upper  side  is  flush  with  the  concrete. 
The  concrete  could  therefore  be  finished  off  without  interference 
with  any  such  projecting  parts.  The  concrete  between  the  jaws 
was  afterwards  scraped  out,  and  the  head  of  the  bolt  was  inserted. 
When  the  sleeper  was  laid,  a  mixture  of  boiling  pitch  and  creosote 
oil  was  run  into  the  groove  to  fill  the  hole  in  the  sleeper  and  the 
space  between  the  jaws.  This  asphalte  was  plastic  when  set ;  and, 
whilst  it  prevented  the  bolt  from  turning,  it  allowed  it  to  vibrate  with 
the  rail.  The  washer  is  rectangular  in  section,  3  inches  long  by 
6  inches  crosswise  of  the  rail.  With  such  a  fastening,  it  is  said 
that  the  tramway  can  be  laid  with  facility,  and  as  there  is  a  liberty 
of  3  inches  one  way,  and  |  inch  another  way,  for  setting  the  bolt 
head  between  the  jaws,  no  special  degree  of  nicety  is  required  in 
setting  the  bolt  The  fastenings  are  now  under  the  heaviest 
traffic  in  Liverpool. 

The  rail,  Fig.  45,  is  of  steel  and  weighs  42  lbs.  per  yard.  It  is 
made  of  the  T  section,  having  the  central  groove  and  the  central  web. 
It  is  3  inches  wide  and  2  J  inches  deep.  The  nut  is  screwed  up  by 
means  of  a  four-pronged  key,  and  Mr.  Deacon's  experiments  show 
that  one  man  can  readily  draw  down  the  rails  with  a  pressure  of 
from  two  to  three  tons  at  each  fastening.  The  depth  of  the  rail  and 
sleeper  together  amounts  to  6  inches,  which  is  also  the  depth  of 
the  paving  sets.  For  country  or  suburban  lines  a  perfectly  firm 
tramway  may  be  constructed  on  this  principle  by  merely  laying 
each  line  of  sleepers  on  a  foundation  of  concrete  9  inches  or 
18  inches  wide.    In  Canada,  where  timber  is  plentiful,  a  line  of 
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tramways  has  been  proposed,  on  the  principle  of  the  line  now 
described,  without  any  foundations  of  concrete,  but  with  longi- 
tudinal foundations,  consisting  of  timber  sleepers  laid  flat  on  their 
sides,  to  support  the  grooved  sleepers  and  the  rails. 

It  has  been  found  in  the  experience  that  has  been  had  hitherto 
of  Mr.  Deacon's  system  of  fastenings,  that  neither  cross-sleepers  nor 
CTOss-ties  are  necessary.  Under  the  heavy  traffic  of  the  principal 
streets  of  Liverpool  the  gauge  has  been  maintained. 

Although  Mr.  Deacon  recommended  the  application  of  the 
centra]  groove  for  tramways  which  are  not  connected  with  side- 
groove  lines,  yet  the  principle  of  the  rails  and  fastenings  which  he 
has  adopted  may,  with  equal  facility,  be  employed  for  the  side- 
groove  rails. 

The  annexed  table.  No.  40,  contains  particulars  of  the  cost  of 
construction  of  tramways  on  Mr.  Deacon's  systems,  forfoiur  kinds  of 
way,  illustrated.  The  third  and  fourth  are  two  lighter  and  less  costly 
forms,  on  the  same  leading  principle  of  construction  as  the  second 
design.  The  rails  weigh  only  35  lbs.  per  yard,  and  are  absolutely 
stronger  than  many  rails  of  older  forms  and  greater  weight 

The  cost  of  the  stone  pavements  of  Liverpool,  exclusive  of 
concrete  foundation,  comprising  the  stone  sets,  a  layer  of  sand, 
and  grouting  of  gravel  and  asphalte — is  about  9s.  per  square  yard^ 
when  the  sets  are  6  inches  deep,  and  6s.  6d.  when  the  sets  are 
4  inches  deep.  The  costs  per  yard  forward,  and  per  mile,  two 
18-inch  breadths  outside  the  rails,  are  as  follows : — 


Single  Una. 

For  sets  6  inches  deep 
Do.     4 


»> 


i> 


Per  yard  forward* 
A     «•     d. 

.      126 
.     O  16     .^ 


Per  mile, 
j^       «.     d. 

1,804    O    O 
1,430    O    O 


Crossings  and  Points. 

Throughout  the  reconstructed  lines  the  crossings  are  formed  by 
bevelling  the  ends  of  one  of  the  lines  of  rails,  and  cutting  a  groove 
across  the  other  line  of  rails.    The  fixed  points  are  of  chilled  cast-  ■ 
iron,  and  those  which  are  movable  have  shear-steel  tongues.     In 
the  ordinary  side-grooved  points  the  tread  of  the  wheel  travels  for 

L  2 


148  CONSTRUCTION  OF  TRAMIVAYS, 

some  distance  only  on  the  thin  edge  of  the  point,  and  so  rapidly 
wears  it  down.  When  the  point  is  thus  worn  the  wheel  sinks  and 
runs  below  the  level  of  the  rail ;  and,  in  passing  over  the  point 
from  the  branch  to  the  main  line,  it  has  to  remount  on  the  main 
line  rail,  an  operation  by  which  an  inclined  plane  is  gradually- 
worn  into  the  surface  of  the  rail  This  evil,  it  is  thought,  is  to  a 
great  extent  obviated  by  the  use  of  the  central  flanged  wheels 
employed  to  run  upon  Mr.  Deacon's  rails,  for  one  of  the  treads 
of  the  wheel  has  always  a  bearing  upon  the  tread  of  the  rail.  In 
order  still  further  to  increase  the  width  of  bearing  surface,  the 
width  of  the  groove  at  or  near  the  point  is  reduced  as  much  as  is 
practicable ;  and  the  wheel,  in  running  over  the  point  from  the 
branch  line,  arrives  in  a  much  shorter  distance  upon  the  tread  of 
the  main-line  rail  With  the  same  object  in  view — the  preserva- 
tion of  continuity  of  bearing  surface — the  depth  of  the  groove  at 
and  near  the  joint  is  made  the  same  as  the  projection  of  the 
wheel  flange. 

For  the  subsequent  work  of  reconstruction  or  renewals,  under 
the  direction  of  Mr.  Clement  Dunscombe,  the  city  engineer,  Mr. 
Deacon's  system  was  adopted  by  him,  subject  to  modifications 
with  respect  to  the  fastenings  and  the  employment  of  sleepers  of 
cast-iron.  In  a  report  to  the  City  Council  Mr.  Duncombe  laid 
down  the  leading  conditions  for  the  best  system  of  tramway  as 
follows : — 

1.  The  rail  and  sleeper  are  fastened  down  to  the  concrete 
foundations  by  means  of  suitable  fastenings. 

2.  The  sleepers  are  practically  continuous. 

3.  The  rail  can  be  replaced  or  tightened  up  without  disturbing 
the  paving. 

4.  The  sleepers  present  a  true  vertical  face,  free  from  all  pro- 
jections, so  as  to  admit  of  close  paving  on  each  side  of  the  rail. 

On  a  solid  foundation,  with  durable  pavement,  of  which  the 
sets  next  the  rails  are  specially  dressed  and  accurately  gauged, 
such  a  system,  he  adds,  possesses  all  the  elements  for  a  good 
tramway.  Whilst  the  inner  circle  was  laid  with  Mr.  Deacon's  H 
rail,  as  it  may  be  called,  with  fastenings  worked  from  the  side 
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(see  Fig.  42),  an  experimental  length  of  12  yards  of  single  line, 
of  the  T  section,  "the  central  grooved  rail,"  fixed  by  "jaw 
washers,"  was  laid  in  Lord  Street,  at  its  junction  with  South  John 
Street,  in  November,  1877,  and  has  been  in  use  since  that  time. 
At  this  point  the  heaviest  cross-traffic  over  the  tramway  exists, 
exceeding  2\  millions  of  tons  per  annum,  besides  an  exceptionally 
large  longitudinal  traffic,  in  which  loads  of  seven  tons,  on  four- 
wheeled  trucks,  are  common,  with  occasional  loads  of  12  tons.* 
On  January  15,  188 1,  a  rail  of  each  kind  of  way  was  taken  up  at 
the  given  place  in  Lord  Street,  and  the  condition  of  the  rails, 
sleepers,  and  fastenings,  after  three  years'  work,  was  found  satis- 
factory. During  that  interval,  all  that  was  required  to  maintain 
the  rolling  surface  in  good  condition  was  the  occasional  tightening 
of  the  rails,  especially  at  the  joints.  Mr.  Dunscombe  hence  con- 
cluded that  rails — the  T  rails — which  could  be  tightened  or 
replaced  from  the  surface,  were  preferable  to  those — the  H  rails — 
which  necessitated  the  removal  of  the  pavement  in  order  to  gain 
access  to  the  fastenings.  For  this  reason  he  selected  the  T  section 
for  further  construction ;  and  also  as  affording  the  maximum  degree 
of  strength,  in  combination  with  the  minimum  quantity  of  metal. 
He  also  adopted  continuous  sleepers  of  cast  iron,  of  special  design, 
in  preference  to  timber  sleepers,  in  order  to  insure  a  valuable  asset,  as 
a  perfect  substructure,  when  the  lease  of  the  tramways  to  the  Tram- 
way Company  shall expireon  December  31st,  1896.  The  general 
design  and  construction  are  shown  in  Figs.  46,  47,  48,  and  49. 

The  specification  for  the  reconstruction  and  extension  of  the 
Liverpool  Tramways  provided  that  the  existing  carriage  ways  were 
to  be  excavated  to  a  depth  averaging  14^  inches  below  the 
finished  surface,  for  the  Whitechapel  and  the  Pierhead  routes,  and 
12}  inches  for  the  remaining  routes.  Beds  of  concrete  were  to 
be  laid  respectively  7  inches  and  6  inches  deep,  and  carefully 
floated  to  the  contour.    The  concrete  was  to  be  composed  of 

*  See  Mr.  G.  F.  Deacon's  paper  on  ''  Street  Carriage-way  Pave- 
ments," in  the  Minutes  of  Proceedings  of  the  Institution  of  Civil 
Engineers t  1879,  voL  Iviii.,  p.  i,  for  an  instructive  notice  of  the 
street  traffic  of  LiverpooL 
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S  parts  by  measure  of  perfectly  clean  rivet  or  sea  gravel,  s  parts  of 
brolcen  hard  stones,  and  i  part  of  Portland  cement.  The  cement 
was  to  bear  successfully  the  following  tests : — 


Fia.  46.    Deacon's  Way,  as  laid  by  Mr.  Dunscombe,  Liverpool.    Scale  A- 


FlO.  47.    Deacon's  Way,  as  laid  by  Mr.  Dunscombe,  Liveipool.    Scale  1^. 

I.  It  is  not  to  leave  a  residue  exceeding  ten  per  cent  when 
sifted  through  a  No.  50  gauge  wire  sieve. 

3.  Samples  gauged  with  water  are,  within  twenty-four  hours,  to 
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be  immersed  in  still  water,  until  they  are  seven  days  old,  when 
they  are  to  resist  a  tensile  stress  of  at  least  800  lbs.  on  the 
sectional  area  of  1}  square  inches. 

3.  Slow-setting  cement  is  not  to  be  firm  within  three  hours,  and 
quick-settbg  cement  is  to  be  firm  within  half  an  hour.  The  test 
for  firmness  is  that  of  resistance  to  the  finger  nail 
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Oa  consolidated  bottoms — hard-pitched  or  otherwise — a  bed 
of  bituminous  concrete  may  be  laid  instead  of  cement  concrete. 
Clean,  dry,  hard,  broken  stone,  or  foundry  slag,  in  pieces  not 
larger  than  3  inches,  is  to  be  laid,  and  well  rolled  and  filled 
up  with  boiled  pitch  and  creosote  oil.  The  surface  is  to  be 
covered  with  fine  broken  stone  or  gravel,  and  well  rolled.  Where 
the  depth  is  insufficient  for  holding  domi  the  rail,  the  ground 


FlO.  49.  Deacon '1  Wiy,  ftl 
laid  bj  Mr.  DunKombe, 
Liverpool.  Seciioa  of  Riil, 
Sleeper,  sndjaw.   Scale  t. 

below  the  rail  is  to  be  removed  for  a  width  of  9  inches  on  each  side 
of  the  rail,  to  the  requisite  depth,  and  the  space  is  to  be  filled  with 
concrete. 

The  paving  for  the  whole  width  extending  18  inches  outside  the 
rails,  is  to  be  of  granite  or  syenite  sets,  7 J  inches  deep,  i\  inches 
wide,  and  from  5  to  8  inches  in  length,  for  the  Whitechapel  and 
Pierhead  routes;  for  the  remaining  routes,  6}  inches  deep,  3^  inches 
wide,  and  from  5  to  7  inches  long.  To  be  laid  on  a  ^-mch 
layer  of  fine  gravel.  The  sets  of  syenite,  next  the  rails,  are  to  be 
finely  dressed  at  the  sides  abuttiog  the  rails,  so  as  to  touch  them 
approximately  at  all  points ;  the  upper  edge  is  to  touch  the  rail 
for  its  entire  width,  and  the  base  of  the  set  is  to  bear,  at  its 
extreme  ends,  on  the  bedding.    The  sets  next  the  rail  ^re  to  be 
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ganged  so  that  they  touch  in  the  joints  at  right  angles  to  the  rail 
for  a  length  of  at  least  2  inches  from  the  rail. 

The  rails  are  of  Bessemer  steel,  weighing  40  lbs.  per  yard,  of 
T  section,  Fig.  50,  with  a  central  groove,  i  inch  wide,  and  treads 
each  I  inch  wide  and  }  inch  thick,  making  a  total  width  of 
3  inches.  The  rail  is  2^  inches  in  depth,  and  the  web  or  body 
of  the  nul  is  ij  inches  thick  at  the  lower  part.  The  length  of 
ordinary  rails  are  to  be  27  feet  8}  inches  and  21  feet  8|  inches. 
But  a  proportion  of  the  whole  quantity  of  rails,  not  exceeding 
seven  per  cent,  are  to  be  24  feet  8f  inches,  18  feet  8J  inches,  and 
15  feet  8}  inches  in  length.  Curved  rails  are  to  be  bent  while  hot 
to  true  curves.  The  rail  is  drilled  vertically  for  the  holding-down 
bolts,  at  distances  of  three  feet  between  the  centres  of  the  holes ; 
except  at  the  ends,  where  the  centres  of  the  terminal  holes  are 
4i  inches  from  the  ends  of  the  rail. 

The  limits  of  the  composition  of  the  steel  are  to  be  as  follows : — 

Phosphorus,  not  above  .        .        .        .      'lo  per  cent. 
Carbon  from  '25  to  '45,  average     .        .      -35 
Manganese,  not  exceeding    •        •        .1*00 


I* 
>» 


There  is  not  to  be  any  more  silica  in  the  steel  than  is  necessary 
for  working  it 

The  rails  are  tested  chemically  for  the  percentages  of  carbon, 
phosphorus,  manganese,  silica,  &c.  For  this  purpose,  examples 
are  taken  from  each  converter  charge,  consisting  of  2  ounces  of 
borings.  The  mechanical  tests  and  the  results  of  the  tests  are  as 
follows : — 

1.  The  drop  test :  a  weigj^ht  of  20  cwt  to  fall  from  a  height  of 
10  feet  upon  the  centre  of  a  rail  supported  on  bearings  3  feet  apart, 
without  fracture.  The  average  deflection  for  twenty-two  tests  of 
pieces  of  rail,  consisting  of  crop  ends  from  4^  feet  to  5^  feet  in 
length,  was  for  nine  drilled  rails,  9^  inches,  and  for  twenty  undrilled 
rails,  Zi  inches.  In  this  case  the  holes  for  the  drilled  rails  were 
placed  directly  on  the  bearings. 

2.  Tensile  test :  pieces  cut  from  rails  to  have  a  tensile  strength 
of  from  28  to  31  tons  per  square  inch,  with  an  elongation  of  20 
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per  cent  in  a  length  of  6^  inches.  The  average  breaking  weight 
for  three  tests  was  28 1^  tons  per  square  inch,  and  the  elongation 
20  per  cent. 

3.  Hot  bending  tests :  strips  heated  to  a  cherry-red  heat  to 
bend  double  round  a  curve  of  which  the  diameter  shall  not  exceed 
three  times  the  thickness  of  the  piece  tested.  Results  of  three 
tests  satisfactory. 

4.  Cold  bending  tests :  samples  of  rails  to  be  bent  double  when 
cold,  to  a  radius  of  6  inches,  having  the  groove  inside  the  curve. 
Results  of  two  tests  satisfactory. 

5.  Deflection  test :  rails  supported  upon  bearings  3  feet  apart, 
and  loaded  at  the  centre,  to  have  an  elastic  limit  of  7  tons  of 
load.  For  seven  tests  the  greatest  elastic  limit  was  10  tons,  the 
least  5  tons  (rejected) ;  the  average,  7i  tons. 

In  another  series  of  tests,  designed  to  ascertain  the  difference  of 
deflection  when  a  drilled  hole  was  placed  at  the  middle  of  the 
space  between  the  supports,  the  following  results  of  tests  were 
obtained  : — with  ist,  a  drilled  rail  10  feet  long,  the  drilled  holes 
being  placed  on  the  supports ;  2nd,  another  part  of  the  same 
rail  as  No.  i,  having  a  drilled  hole  at  the  centre  between  the 
supports ;  3rd,  the  first  experiment  repeated  with  a  piece  of  another 
rail  10  feet  long;  4th,  with  a  piece  of  the  same  rail,  the  second 
experiment  repeated.  The  loads  were  applied  gradually  by  means 
of  a  steam  lever  machine,  at  the  middle,  between  the  supports  i-r- 
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These  results  show  that  the  stiffness  of  rails  within  their  elastic 
ranges  was  not  materially  affected  by  the  presence  of  drilled  holes. 
Two  pieces  of  rail,  4  inch  square,  tested  for  tensile  strength,  broke 
each  with  a  load  of  19I  tons,  equivalent,  to  50  tons  per  square 
inch,  with  an  elongation  of  16  per  cent,  in  6^  inches. 

The  sleepers  are  of  tough  cast  iron,  containing  not  less  than 
one-sixth  of  good  foundry  scrap.  They  weigh  90  lbs.  per  yard, 
and  are  of  a  trough-like  section.  They  are  5  feet  1 1 1  inches  in 
length,  except  at  junctions,  where  they  are  3  feet  8|  inches  long, 
and  at  curves  2  feet  11 1  inches.  They  are  made  with  transverse 
ribs,  and  the  recesses  are  overarched,  within  the  casting.  They  are 
filled  to  the  level  of  the  under  side  of  the  rail  with  Portland- 
cement  concrete ;  and  the  recesses  are  protected  by  a  coating  of 
Dr.  Angus  Smith's  solution — ^pitch  and  creosote  oil — while  heated 
to  a  temperature  of  320°  Fahr. 

Special  sleepers  are  laid  at  the  ends  of  the  points,  and  elsewhere 
where  required.  Besides  giving  a  bearing  for  the  rails  they  occupy 
the  angular  space  formed  at  the  points,  where  they  are  roughened 
at  the  surface.  They  are  3  feet  in  length  and  are  cast  of  the  best 
cold-blast  iron,  chilled  for  a  depth  of  at  least  }  inch. 

The  points  are  9  feet  long,  and  are  either  fixed  or  movable. 
Fixed  points  are  laid  where  the  traffic  is  in  one  direction  only,  and 
also  on  trailing  points.  They  are  of  cold -blast  iron  and  chilled. 
Movable  points  are  laid  for  branches,  having  a  movable  tongue 
of  tough  cast  steel,  pinned  to  the  stock  by  means  of  a  cylinder- 
conical-headed  bolt  and  nut  of  phosphor  bronze,  and  controlled 
at  the  other  end  by  means  of  a  steel  pin,  passed  through  the  point. 
Both  the  steel  switch  and  its  bed  are  planed.  The  point  castings 
are  3  inches  wide  at  the  narrow  end,  and  6  inches  at  the  broad 
end ;  cast  hollow,  and  filled  with  Portland  cement  concrete  flush 
with  their  lower  sides. 

Crossings  are  of  cold-blast  iron,  made  with  sleepers  for  the  two 
rails  at  each  end,  with  solid  angular  spaces  roughened.  The 
exposed  surfaces  are  chilled*  The  crossings  are  cast  hollow  and 
filled  with  concrete. 

For  the  cast-iron  sleepers,  test-bars  i  inch  square  and  42  inches 
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long,  are  to  support  a  load  of  not  less  than  800  lbs.  placed  mid- 
way between  supports  3  feet  apart  For  the  points  and  crossings^ 
like  test-bars  are  to  support  not  less  than  850  lbs.  at  the  centre 
for  a  clear  interval  of  five  minutes.  Of  340  test-bars  for  sleepers, 
the  transverse  resistance  was  from  804  lbs.  to  1,150  lbs.;  and 
averaged  845  lbs. ;  and  the  deflection  was  from  (  inch  to  i^  inches, 
averaging  H  inch.  Of  55  test  bars  for  points  and  crossings, 
the  transverse  resistance  was  from  950  lbs.  to  1,220  lbs.  and 
averaged  986  lbs. 

The  rails  are  fastened  to  the  sleepers  by  means  of  cylinder 
conical-headed  No.  6  phosphor  bronze  A-  inch  bolts,  and  wrought 
iron  collar  nuts.  The  bolts,  coated  with  red  lead,  are  passed 
through  holes  drilled  to  gauge  centrally  through  the  rails  and 
through  holes  drilled  in  the  upper  part  of  cast-iron  holding-down 
jaws,  which  are  solidly  embedded  in  the  foundation  of  concrete. 
The  collar  nuts,  of  the  best  rivet  iron,  take  a  bearing  within  the 
jaws ;  and,  when  screwed  up,  they  pull  down  the  rail  and  sleeper 
together  to  the  foundation.  To  preserve  them  from  oxidation 
the  recess  in  which  they  are  lodged  is  filled  with  plastic  pitch.  By 
means  of  the  slot  or  groove  cut  across  the  head  of  the  bolt,  it  may 
afterwards  be  tightened  up  with  a  suitable  driver  firom  the  surface ; 
and  while  the  nut  is  held  finnly  in  its  plastic  envelope,  the  envelope 
is  sufficiently  elastic  to  admit  of  slight  compensatory  movements 
of  the  bolt  from  above,  under  heavy  traffic  from  above.  The 
bolts  are  screwed  with  twelve  threads  to  an  inch. 

The  bolts  and  nuts  were  then  tested,  to  the  extent  of  i  per 
cent  of  samples,  by  screwing  the  nuts  home,  suspending  the  bolts 
by  their  necks  in  a  closely  fitting  socket,  and  hanging  a  load  of 
3  tons  from  the  nut  for  fifteen  minutes.  During  this  interval  the 
bolt  was  turned  once  round  in  the  nut  as  often  as  might  be  required. 
After  the  bolt  was  released  and  unscrewed,  if  any  indications  were 
visible  of  stripping  of  the  thread  of  either  the  bolt  or  the  nut,  or  of 
the  collapse  of  the  neck  of  the  bolt,  or  of  any  other  defect,  the 
fastenings  were  rejected.  Fifteen  bolts  out  of  385  thus  tested  were 
broken. 

The  test  load  of  3  tons  for  the  bolts  and  nuts  was  determined 
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by  the  following  piocess : — An  experimental  |-inch  wrought-iion 
bolt,  screwed  with  14  threads  to  the  inch,  and  cupheaded,  was 
suspended  by  a  cylindrical  gun-metal  nut,  i  inch  in  diameter  and 
i^  inches  in  length,  from  a  horizontal  bar.  The  nut  was  turned 
round  from  the  top  by  means  of  a  cross-headed  key,  of  which  the 
head  was  16  inches  long,  by  a  strong  workman.  On  the  cup  head, 
at  the  lower  end,  a  circular  disc  was  placed,  loaded  with  heavy 
weights  until  the  workman  became  unable  to  turn  the  nut  from 
the  top  by  means  of  the  key.  The  limiting  weight  was  found  to 
be  3}  tons  nearly.  The  test  load  was  therefore  fixed  at  3  tons : 
a.  greater  strain  than  would  ever,  in  practice,  be  put  upon  the 
lastenings. 


I vT 
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A  proposed  modification  of  the  fastenings  now  employed  is 
shown  in  Figs.  51  and  51.  The  bolt  is  reduced  from  6i  inches  to 
3\  inches  in  length,  and  is  fitted  with  a  wiought-iron  socket  bolt, 
with  a  nut  and  collar  head. 

The  way  is  laid  as  follows  : — On  the  floor  of  the  excavation 
6-inch  cubes  of  concrete  are  laid  at  intervals  and  levelled  for  the 
support  of  the  sleepers.  The  rails  are  laid  on  the  sleepers,  the 
bolts  are  inserted,  and  jaws  are  attached.  A  washer  \  inch  thick 
is  temporarily  inserted  between  the  top  of  the  jaw  and  the  crown 
of  the  arch  in  the  sleeper.  The  rails  having  been  placed  to  gauge, 
the  foundation  of  concrete  is  laid  in  ;  well  packed  under  the 
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sleepers  by  means  of  steel  ranuners.  When  the  concrete  has  set, 
the  bolts  are  withdrawn,  that  the  temporary  washers  may  be 
removed,  and  replaced  and  screwed  up  from  above.  The  rails  are 
thus  drawn  down  to  the  foundation,  under  a  pressure  estimated  at 
3  tons  for  each  bolt,  the  recesses  are  then  filled  with  plastic  pitch, 
and  the  work  is  ready  for  the  paving. 

The  contract  prices  (April,  1881)  for  material  delivered 
upon  the  respective  works,  and  upon  which  the  nett  cost  of  the 
Liverpool  tramways  has  been  based,  were  as  follows : — 


£  «.   <J. 

Bessemer  steel  rails 8  15    o  per  ton. 

Castings,  straight 5  14    o       ,, 

curved 600        „ 

Holding-down  jaws,  &c 5  14    o       „ 

Special  sleepers,  points  and  crossings  (cold-blast 
iron)  chilled  on  exposed  surface,  inclusive  of  all 

patterns 9    5    o       »f 

Collar-headed  nuts •        .280  per  cwt. 

Phosphor-bronze  bolts 9176,, 

Syenite  sets,  3^  inches  wide,  6^  inches  deep,  and 

5  to  7  inches  long 190  per  ton. 

Do.  per  square  yard,  as  laid 088,, 

Broken  stone  for  concrete 056,, 

Do.  per  cubic  yard  of  concrete  .049,, 

Portland  cement  (Corporation  standard)         .        .     i  19    6 
Do.  per  cubic  yard  of  concrete       •        .        .        .059 

Dee  gravel 056 

Do.  per  cubic  yard  of  concrete       .        .        .        •059 
Shingle  for  filling  joints  of  paving  .        .        .        .066,, 
Do.  per  square  yard  of  paving        .        .        .        .    o    o    ij 
Pitch 166 


99 


ft 


ft 


Creosote  oil 00    2jpergfaL 

Wages : — 

Ordinary  platelayers 040  per  day. 

Leading 050 

Foremen ;s.  6d  and  8s.  6d. 

Labourers o    3  10 


If 
ft 
ft 
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Wa^s — continued^ 

Paviors  (outside  tramway  limits)  piece-work*  6^.  per  square  yard. 

Do.  (inside  do.)    Qd.  per  square  yard. 

Masons 056  per  day. 

Set  dressers,  day-work 060,, 

Do.  piece-work.    Various  prices  which  are  regulated  according  to 
special  class  of  sets  required,  and  vary  from  7s.  6d.  to  i6s.  per  ton. 

Quantities  and  Costs  (Contract  Prices)  per  Mile,  Single 
L.INE,  OF  Deacon's  System,  as  laid  by  Mr.  Dunscombe  in 
Reconstruction  and  Extension,  Liverpool  Corporation 
Tramways,  i88o~8i. 

i^    t.     d.  jC      ••     d. 

Bessemer  steel  rails,  drilled  complete, 

4olbs.  per  yard,  62*85  tons     •        .    ®     8  15    o  550    o    o 

Cast-iron  sleepers,  covered  with  non- 
corrosive  coveting  complete,  90  lbs. 

per  yard,  141*42  yards      •        .        .    ,,     5  14    o  806    2    o 

Cast-iron  holding-down  jaws,  do.  16*50 

tons ,, 

Phosphor  bronze  bolts,  13}  cwt.  •  .  ,, 
"Wrought-iron  nuts,  183  cwt.  .  .  ,, 
Excavation,  12^  inches  deep,  including 

carting  and  tipping,  1,825  cubic  yds.    „     042  380    4     i 

Portland  cement   concrete,  7  inches 

deep,  including  labour  of  mixing  and 

spreading,  and  finishing  to  an  even 

surface,  for  paving,  988^  cubic  yds.    „     0186  914    70 

Laying,  comprising  all    labour   and 

materials  for   filling  sleepers  with 

concrete,  filling  recesses  with  pitch  ; 

and  all  platelaying  in   connection 

with  jaws,  sleepers,  rails,  and  fasten- 
ings, i>76o  lineal  yards  .        •        •    „     o    i     6  132    o    o 

3,052    2    7 
Paving ;  syenite  set  paving,  3^  inches 

by  6^  inches,  including  all  labour 

and  materials,  4,400  square  yards  .    ,,     on     2         2,456    o    0 

Total  for  way  and  paving  •       •        .  ;^5,5o8    2    7 

*  These  prices  include  all  labour  from  the  formation  of  the  upper 
surface  of  the  concrete. 


5  14    0 

94     I     0 

9  10    0 

130  12    6 

280 

44  16    0 

l6o  CONSTRUCTION  OF  TRAMWAYS. 

A  tramway  similar  in  construction,  for  light  trafllic  on  suburban 
lines,  was  designed  by  Mr.  Dunscombe,  with  Bessemer  steel 
rails  of  30  lbs.  per  yard,  and  cast-iron  sleepers  of  60  lbs. 
per  yard  ; — 

Per  mile,  single  line. 

£    %,     A,  £      s.      d. 

Rails,  47*15  tons @  8  15    o  412  o    o 

Sleepers,  94*29  tons       .        .        .        •    »f  5  14    o  537  7     7 

Jaws,  irootons >>  5  14    o  62  14    o 

Bolts,  6-87  cwt „  9  10    o  65  6    3 

Nuts,  23*60  cwt ,,280  47  2  10 

Laying  1,760  lineal  yards      .        .        .,,013  no  00 

1,234  i<^    8 
Foundation  and  paving' 2,200    o    o 

Total  for  way  and  paving  .        •        .  ^3,434  10    8 

The  comparative  cost  of  timber  sleepers  and  cast-iron  sleepers 
may  thus  be  stated : — 

Per  lineal  yard,         Per  lineal 
single  line.  mile, 

s.     d.  £      *'      ^ 

Sleepers  of  cast  iron,  90  lbs.  per  lineal 

yard,  @  £s  ^^^-  P^^  ^^^        ...  92  806  13     4 

Sleepers  of  best  Baltic  red  pine,  6  inches 

by  3  inches,  shaped  to  pattern,  and 

creosoted,  @  5s.  6d.  per  cubic  foot       .  41^         3^3    o    ^ 

Difference  in  favour  of  timber 
sleepers  per  lineal  mile  ....         £^3  13    4 

The  experience  for  the  last  ten  years  (1892)  of  the  Lyver  system 
of  tramways  as  laid  in  Liverpool  appears  to  show  that  the  economy 
of  maintenance  anticipated  by  the  inventors  has  been  justified. 
During  the  decade  the  traffic  has  been  enormous ;  and  the  wear  and 
tear  of  the  lines  is  materially  influenced  by  the  traffic  ever  flowing 
to  and  from  the  docks. 

On  the  basis  of  100,000  tons  of  traffic  per  annum  on  one  rail, 
the  wear  has  been  about  '015  inch,  equal  to  -0086  of  the  original 
weight :  40  lbs.  per  lineal  yard.     Of  course .  the  rails  have  varied 
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in  their  wear  according  to  the  particular  conditions  of  their 
.  locality. 

The  cost  of  maintenance  over  the  47 i  miles  was  under  i  per 
cent  per  annum,  on  the  basis  of  a  cost  of  ^6,000  per  mile.  This 
price  is  for  a  first-class  permanent  way  on  concrete  foundations 
into  which  the  rails  are  secured. 

A  lighter  and  cheaper  form  has  been  designed  for  and  success- 
fully used  in  country  places  where  there  is  no  concrete  bottom 
or  foundation,  or  where  the  employment  of  concrete  is  to  be 
reduced  to  a  minimum.  In  this  case,  the  rail  is  secured  to  a 
troughed  girder  sleeper,  and  the  cost  of  a  lo-lb.  steel  rail,  sleeper, 
and  fastening  would  not  exceed  ^1,500  per  mile. 

Another  modification  of  the  Lyver  system  consists  in  its  applica- 
tion to  dock  railways  on  which  locomotives  are  used. 

The  advantages  of  a  channeled  rail  in  towns  instead  of  the 
ordinary  form  of  railway  track  is  obvious  as  regards  its  non- 
interruption  of  ordinary  traffic,  non-disturbance  of  road  level,  and 
ability  to  relay  without  disturbing  the  roadway.  Too  great  stress 
cannot,  it  is  thought,  be  laid  on  th6  last  point. 


M 


CHAPTER  Vir. 

DUBLIN  TRAMWAYS. 

The  superiority  of  ihe  Larsen  rail— as  a  rail  with  side  fastenings — 
to  the  rails  with  vertical  spike  fastenings,  was  established  by  the 
experience  acquired  of  its   capabilities  on  the   London   ytreet 
Tramways,  though  in  these,  as  in  the   Belfast  tramwaj-s,  subse- 
quently constructed,  the  system  of  side  fastening  was  but  imper- 
fectly developed.     Mr.  Hopkins  improved  the  system  of  the  side 
fastener  by  substituting  for  the  fastener  in 
two  or  three  pieces,  a  solid  staple,  or  "  dog," 
in  one  piece,  which  he  employed  in  the  con- 
struction of  the  Dublin  tramways,  of  which 
he  was   the  engineer,  and  the  works  for 
which  were  commenced  in  October,  1871. 
The  design  of  the  tramway  was  very  simple; 
four  rails  laid  on  four  longitudinal  sleepers, 
bedded    in   four   longitudinal    trenches   of 
concrete  ;  similar  to  the  first  system  adopted 
by  Mr.  Hopkins  for  tramways  in  London. 
The  rail,  shown  in  section,  Fig.  53,  weighed 
53  lbs,  per  yard  ;  it  is  4  inches  wide  ;  but 
^  wiy.^;-f  "cU^Lof'Tii    t'^°"8*'  i'  'S  thinner  than  the  grooved  rail  of 
and  sleeper,_^  showinn    earlier  design  it  is  deeper,  and  shows  clearly 
^^'    a  better  distribution  of  material  than  in  these 


Scale  \. 

rails;  better  even  than  the  Belfast  rail, 
which  was  of  later  construction,  and  designed  by  Mr.  Larsen. 
The  rolling  surface  of  the  Dublin  rail  Is  i  inches  wide ;  the 
groove  is   i  \  inches  wide  and  -H  inch  deep,  with  a  flat  floor ; 
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the  ledge  is  J  inch  thick  at  the  surface.  The  rails  were  fixed 
upon  longitudinal  fii  sleepers  4  inches  wide  and  6 
inches  deep,  in  lengths  of  from  18  to  25  feet,  and 
rebated  to  receive  the  rails.  The  rails  were  pressed 
down  and  solidly  liedded  by  means  of  screw- 
cramps.  In  this  position  they  were  fixed  to  the 
sleepers  by  means  of  staples  in  one  piece,  made 
of  i-inch  round  iron,  the  lower  ends  of  which  _• 

were  barbed.     A  section  of  the  rail  and  sleeper  ^ 

thus  fixed  together  is  shown  in  Fig.  53.    The  JJ 

staples  were  applied  at  intervals  of  3  feet  on  each 
side  of  every  rail,  and  there  was  one  on  each  side  g 

of  the  rail  at  a  distance  of  about  4  inches  from  ^ 

each  end.     At  curves  in  the  line,  if  not  severe,  % 

the  sleepers  were  in   some  instances  sawn  half  « 

through  the  outer  side  at  intervals,  and  wedges  '^ 

were  driven  into  the  cuts  until  the  sleeper  took  g 

the  required  curvature.      At  sharp  curves,   the  tl 

sleepers  in  short  lengths  were  sawn  to  the   re-  | 

quired   curvature.     The    ends   of  the  rails   were  g_ 

stayed  with  wrought-iron  plates,  7  inches  long,  % 

i*r  inch  thick,  and  aj  inches  wide,  let  into  recesses  g 

adzed  off  the  sleeper.    The  intention  in  applying  ^ 

these  plates  was  to  maintain  the  ends  of  the  rails  i| 

at  the  same  level.  O 

A  general  section  of  both  lines  for  a  double  way  4- 

is  given  in  Fig.  54.     The  rails  of  each  line  are  ^ 

placed  to  a  gauge  of  5  feet  3  inches,  which  is  the  1^ 

railway  gauge  of  Ireland,  though  railway  waggons 
cannot  be  run  on  the  tramway.  There  is  a  clear 
4-foot  space  between  the  two  lines  of  way,  and 
there  are  the  customary  i8-inch  breadths  outside 
the  outer  rails.  The  working  edge  of  the  groove 
is  at  the  middle  of  the  width  of  the  rail,  or  two 
inches  from  each  edge ;  and  the  total  width  of  roadway  occupied 
by  the  double  line  of  tramways  is  made  up  as  follows : — 
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Ft.    In. 
Two  lines,  5  feet  3  inches  g'auge  .     10    6 

Intermediate  space 4    ^ 

Four  half- widths  of  rail 08 

Two  breadths  of  paving  outside  .30 

Total 18    2 

making  a  total  width  of  18  feet  2  inches.  Four  trenches  were 
cut  in  the  tracks  of  the  rails,  to  a  depth  of  18  inches  below  the 
level  of  the  roadway,  to  a  width  averaging  about  2  feet,  whilst  the 
intervening  surface  was  excavated  to  a  depth  of  11  inches.  The 
excavated  space  was  filled  with  concrete  to  a  level  of  about 
7i  inches  below  the  surface,  forming  a  level  bed  for  the  sleepers. 
The  concrete  was  made  with  blue  lias  lime,  or  with  Portland 
cement.  The  ends  of  the  sleepers  were  laid  in  cast-iron  chairs, 
like  those  of  the  Liverpool  line,  page  20,  which  fitted  them  tightly 
and  were  fixed  to  them  at  the  outer  side  by  two  nails,  one  to  each 
end  of  the  sleeper.  The  inner  sides  were  formed  with  dovetail 
and  slots,  to  receive  the  ends  of  a  tie-bar  at  each  point.  Inter- 
mediate ties  of  flat  iron  were  placed  at  intervals  of  about  seven 
feet ;  they  were  split  at  the  ends,  and  formed  with  right  and  left 
knees  in  the  manner  shown  in  Fig.  51,  page  157,  by  which  they 
were  nailed  or  spiked  to  the  sleepers.  A  bed  of  sand  i  inch  thick 
was  laid  on  the  concrete  to  receive  the  paving,  which  consisted  of 
granite  sets,  6  inches  deep.  The  transverse  joints  of  the  paving, 
I  inch  wide,  were  filled  with  small  gravel  or  shingle,  which  was 
rammed  into  the  joints,  after  which  the  paving  was  beaten  with 
ordinary  rammers. 

The  following  is  a  statement  of  the  quantities  with  the  approxi- 
mate actual  cost,  for  one  mile  of  double  way : — 

Dublin  Tramways— Quantities  and  Approximate  Cost  for 
One  Mile  of  Double  Way,  1871—72. 

£        ?.      d. 

Excavation         .         .     3,500  cubic  yards      ^  2s.  350    o    o 

Concrete     .  .     1,400  ,,  ,,  6s.  420    o    o 

Carried  forward £7/0    o    ^ 
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Dublin  TKMiwws—con^nued. 


C 

s. 

d. 

Brought  for^'ard 

•         ■        • 

770 

0 

0 

Sand  and  shingle 

400  tons 

@  3s. 

60 

0 

0 

Sleepers 

3,520  cubic  feet 

,,   28.  6d. 

440 

0 

0 

Rails,  wrought  iron    . 

1  7,040  lineal  yards 
)  190  tons 

I  M  ;^I2 

2,280 

0 

0 

Chairs,  cast  iron 

8J  tons 

,,  £^ 

66 

0 

0 

Nails 

i       „ 

M      ^24 

12 

0 

0 

Cushions    . 

o-6o  „ 

M   ;^I0 

6 

0 

0 

Staples,  14,080  at  350 

lbs.  per  1,000  . 

2\      „ 

M   £26 

57 

4 

0 

Tie-bars 

II       V 

»^i6 

176 

6 

0 

Laying    rails,   single 

line 

3,520  lineal  yards 

•                 •                •                • 

„    IS. 

•                     •                     • 

176 

0 

0 

Cost  of  way 

4'043 

4 

0 

Paving 

9,973  square  yards 

\    ®  5s.  6d. 

2,742 

II 

6 

Carting  away  debris 

.        .         •         • 

•                 •                • 

50 

6 

0 

Watching  and  lighting 

•                 •                 • 

120 

0 

0 

Management  and  coni 

tingencies 

ate  cost  per  mile  of  double  way  . 

150 

0 

0 

Total  approximi 

7»io5 

15 

6 

Do. 

do. 

single  way  . 

3.552 

17 

9 

The  first  portion  of  the  lines  was  opened  between  St.  Stephen's 
Green  and  Rathgar,  2  J  miles,  on  February  i,  1872.  The  tram- 
ways were  fully  opened  to  a  length  of  16  miles  early  in  1874. 


CHAPTER  VIII. 
GLASGOW  CORPORATION  TRAMWAYS,  1870—73. 

An  Act  of  Parliament  was  passed  in  1870  for  the  construction  of 
the  Glasgow  Street  Tramways  by  a  private  company.  The  powers 
conferred  by  the  Act  were,  in  the  same  year,  transferred  to  the 
Corporation  of  Glasgow,  by  whom,  accordingly,  the  tramways  of 
Glasgow  have  been  constructed. 

In  designing  the  first  tramway,  the  engineers,  Messrs.  John- 
stones  &  Rankin  e,  developed  the  employment  of  the  transverse 
sleeper  for  giving  bearing  surface  and  for  strength.  They  adopted 
a  modified  form  of  the  old  flat-grooved  rail  in  combination  with 
longitudinal  and  transverse  sleepers  and  bituminous  concrete,  and 
produced  a  structure  which  surpassed  all  others  that  had  previously 
been  laid  for  tramways,  for  strength  and  solidity.  The  system  of 
construction  is  illustrated  by  Fig.  55.  It  was  adopted  for  the  first 
contract,  which  was  entered  into  in  187 1.  The  first  portion  of  the 
line  under  the  contract  was  2  miles  300  yards,  and  was  opened  in 
August,  1872.  By  the  end  of  the  year  1872,  9  miles  of  tramway 
were  completed  and  opened,  and  the  whole  of  the  tramways 
executed  under  the  first  contract,  passing  over  9  J  miles  of  streets, 
were  completed  in  June,  1873. 

In  designing  the  rail  a  single  broad  fillet,  on  the  lower  side, 
under  the  groove,  was  substituted  for  the  pair  of  lateral  fillets 
employed  in  other  rails  made  at  that  time.  The  fillet  was  let  into 
the  longitudinal  sleepers,  and,  besides  providing  the  needfiil 
lateral  resistance  at  either  side,  it  aided  in  strengthening  the  rail  at 
the  weakest  part  of  the  section — under  the  groove — whilst  it 
afforded  a  deeper  bearing  for  the  countersunk  heads  of  the  vertical 
bolts  employed  for  fixing  the  rail  to  the  sleeper.      The  longi- 
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tudiii:il  sleepers  rested  in  cast-iron  chairs,  formed  with  broad  soles, 
spiked  to  transverse  wood  sleepers  laid  in  concrete.  The  bolt, 
having  a  slotted  head,  was  screwed  into  a  nut  with  a  washer  at 
the  underside  of  the  longitudinal  sleeper,  and  a  hasp  was  applied 
to  prevent  the  nut  from  turning  when  the  bolt  was  required  to  be 
tightened  up.  But  the  hasp  was  abandoned  after  the  construction 
of  the  first  section. 

The  works   under  this  contract  were  as  follows,  for  double 
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way,  except  i,rio  yards,  or  about  two-thirds  of  a  mile,  which 
was  single  way : — 

Mil«i.    Yudi. 

No.  1  Tramway:— Whiteinch,  vid  Partick  and  Tron- 
gate,  to  Bridgetown 5      izS 

No.  2  Tramway: — Great  Weslera  Road,  vi4  Sauchie- 
hall  Street,  Renfield  Street,  Jamaica  Street,  to  Port 
Eglinton 3      967 

Na  3  Tramway:— Junction  of  the  1st  and  2nd  tram- 
ways, vid  Derby  Street '        78 

C9J  miles) 9   1,173 

The  gauge   of  the  way,  according  to  the   Act   of  1870,    was 
require    to  be  equal  to  the  railway  gauge,  4  feet  8i  inches.     But 
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a  new  element  was  introduced  by  the  Act  passed  in  187 1  for  the 
Vale  of  Clyde  Tramways,  according  to  which  their  lines  were  to 
be  constructed  for  the  transit  of  railway  rolling  stock  ;  and  it  was 
further  provided  that  the  Corporation  should,  if  they  thought  fit, 
construct  the  Glasgow  tramways  to  the  same  gauge  as  that  of  the 
Vale  of  Clyde  lines,  to  secure  a  uniformity  of  gauge  throughout 
the  Glasgow  district.  It  behoved  the  authorities,  therefore,  to 
look  in  advance,  and  while  the  contract  for  the  first  portion  of  the 
tramway  was  being  drawn  up,  in  187 1,  it  occurred  to  the  engineers 
that,  in  order  to  give  passage  to  railway  waggons,  the  Vale  of  Clyde 
lines,  and,  therefore,  also  those  of  the  Coq>oration,  if  the  gauges 
were  to  be  uniform,  must  be  less  than  the  normal  standard  gauge ; 
for,  what  is  strange  at  first  sight,  the  gauge  of  4  feet  SJ  inches  in 
the  grooved  rail  does  not  answer  for  railway  waggons.  The 
reason  becomes  apparent  when  it  is  considered  that  the  groove  is 
not  wide  enough  to  clear  the  backs  of  the  tyres.  These  are 
never  less  than  4  feet  5^  inches  apart,  a  width  which  is  3  inches 
less  than  the  normal  gauge,  equivalent  to  i^^  inches  at  each  rail. 
But,  as  the  width  of  the  groove  in  the  tramrail  is  commonly 
limited  to  ij  inches,  or  at  the  most  to  ij  inches,  the  flanges  of 
waggons  obviously  could  not  enter  at  all. 

A  correspondence  was  therefore  instituted  by  Messrs.  John- 
stones  &  Rankine,  in  September,  187 1,  with  a  view  to  the  estab- 
lishment of  a  uniform  gauge  at  the  outset,  as  a  standard  for  all 
the  tramways  in  process  of  constniction,  or  to  be  constructed,  in 
or  near  Glasgow ;  such  that,  whilst  the  gauge  would  be  continuous 
throughout  the  whole  number  of  the  group,  it  would  be  adapted 
for  the  transit  of  railway  vehicles..  Messrs.  Johnstones  & 
Rankine  proposed  to  contract  the  gauge  from  the  ordinary  width 
by  J  of  an  inch  to  4  feet  7J  inches,  maintaining  the  minimum 
width  of  groove  already  adopted  by  them,  i  J  inches.  By  this 
compromise  they  would  shift  inwards  the  inner  sides  of  the  grooves 
of  the  two  rails  for  each  line  to  the  distance  apart  of  4  feet 
7}  inches,  minus  twice  i  J  inches,  or  to  4  feet  5  J  inches.  In  this 
way  the  line  would  be  adapted  to  receive  railway  waggons  with  a 
total  lateral  clearance  of  i  inch  between  the  backs  of  the  tyres  and 
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the  inner  edges  of  the  grooves.  It  was  apparent,  nevertheless,  that 
the  ij-inch  groove  would  be  just  wide  enough  to  receive  the 
flanges  of  railway  waggons,  which  were  of  the  same  width,  or 
thickness — i^  inches.  But  the  wedging  which  would  have,  in 
consequence,  to  take  place  if  the  wheels  wete  to  run  on  their 
treads  or  rolling  surfaces,  was  obviated  by  the  shallowness  of  the 
groove  of  the  Glasgow  rail,  the  depth  being  only  f  inch  \  for  it 
followed  that  the  wheels  would  run  on  their  flanges,  which,  being 
more  than  \  inch  deep,  would  touch  the  bottom  of  the  groove,  and 
so  prevent  the  wheel  settling  down  and  wedging  itself  into  the  rail. 

Mr.  Hopkins,  as  engineer  for  the  Vale  of  Clyde  Tramway, 
assented  to  the  proposition  for  securing  uniformity  of  gauge,  and, 
in  the  first  instance,  recommended  a  gauge  of  4  feet  7  J  inches. 
For  the  purpose  of  settling  the  choice  of  these  two  widths  Messrs. 
Johnstones  &  Rankine  made  arrangements  for,  and  conducted 
experimental  trials  with,  a  short  line  of  tramway  laid  to  a  gauge 
of  4  feet  7 J  inches,  with  the  rails  of  the  Glasgow  tramways,  and 
at  the  charge  of  the  Corporation,  within  the  station  of  the 
Glasgow  and  South  Western  Railway.  Mr.  Hopkins  and  others 
assisted  at  the  trials,  which  took  place  on  October  24,  1871. 
Railway  waggons  were  run  over  the  piece  of  tramway  in  a  manner 
which  was  quite  satisfactory;  and  the  results  of  the  trials  led  to 
the  adoption,  by  general  consent,  of  the  gauge  of  4  feet  7}  inches 
for  all  the  tramways  of  the  Glasgow  district 

The  total  width  of  the  tramway,  for  a  double  line,  amounted 
to  16  feet  loi-  inches,  constituted  as  follows: — 

Ft.     Ins. 

Width  of  gauge,  4  feet  7 J  inches,  x  2     .  9      3J 

Width  of  interspace  between  lines  of  way      .  3     i  'i 

Four  widths  of  rolling  surface  of  rails,  ij  inches,  x  4            07^ 

Two  outer  margins  of  pavement,  18  inches,  x  2     .  .            30 

Total  width 16     loj 

For  a  single  line  the  total  width  is  7  feet  11 J  inches. 
The  excavation  for  the  tramways  was  made  to  a  uniform  depth 
of  1 6  J  inches  below  the  surface  of  the  street.   For  the  whole  width 
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a  bed  of  bituminous  concrete,  4  inches  thick,  was  laid  over  the 
whole  of  the  excavated  bottom.  The  concrete  consisted  of  slag 
fresh  from  the  furnaces,  thoroughly  dry,  broken  to  a  2 -inch  ring 
gauge,  and  British  bitumen  made  from  pure  coal-tar  pitch.  The 
bitumen  was  to  be  used  at  the  boiling  point  and  mixed  in  the 
proportion  of  31  lbs.  per  cubic  foot  of  slag.  The  transverse 
sleepers  were  laid  on  a  concrete  bed,  and  after  the  longitudinal 
sleepers  and  rails  had  been  correctly  laid  and  adjusted  the  spaces 
between  the  cross-sleepers  were  made  up  with  concrete  of  the 
same  composition,  flush  with  the  upper  surface  of  the  sleepers.  A 
half-inch  stratum  of  bitumen  was  floated  over  this  new  level. 
Concrete  was  also  packed  under  the  longitudinal  beams  in  the 
intervals  between  the  chairs. 

The  rails,  Fig.  55,  weighed  60  lbs.  per  yard ;  they  were  4  inches 
wide,  and  i  \  inches  thick,  at  the  tread.  The  rolling  surface  was 
I J  inches  wide,  the  groove  was  \\  inches  wide  and  \  inch  deep, 
formed  semicircularly  at  the  bottom,  and  the  inner  flange  was 
J  inch  thick,  and  corrugated  at  the  upper  surface.  The  rolling 
surface  was  slightly  rounded  transversely  ;  the  fillet  on  the  under- 
side was  f  inch  deep,  and  so  increased  the  total  depth  of  the 
rail  to  2  inches.  The  rails  were  rolled  to  24  feet  in  length,  except 
5  per  cent,  of  the  total  quantity,  which  was  of  shorter  lengths,  not 
less  than  14  feet  The  bolt-holes  in  the  grooves  were  t  inch  in 
diameter,  countersunk  to  a  diameter  of  i  inch.  The  rails  were 
to  be  made  from  piles  of  selected  puddle-bars  of  mine  iron,  to 
produce  a  hard  granular  rolling  surface,  and  were  to  be  of  tough 
fibrous  iron  at  the  underside.  They  were  bolted  to  the  sleepers  with 
t-inch  bolts,  of  which  there  were  eight  to  each  rail  of  24  feet  long, 

A  portion  of  the  points  and  crossings  were  to  be  of  cast  iron, 
2  inches  thick,  and  others  of  wrought  iron,  \\  inches  thick,  cor- 
rugated at  the  surface.    The  chairs  were  of  cast  iron. 

Three-eighths  inch  fish-plates,  12  inches  long,  were  placed 
under  the  ends  of  the  rails. 

The  longitudinal  sleepers  were  of  American  white  oak,  4  inches 
wide  and  6  inches  deep,  secured  to  the  chairs  by  J -inch  oak  pins. 
The  transverse  sleepers  were  of  Baltic  timber,  4  inches  deep, 
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7  inches  wide  at  the  joints  of  the  longitudinal  sleepers,  and  6  inches 
wide  intennediately.  All  the  timber  was  creosoted  with  8  pounds 
of  creosote  per  cubic  foot  of  timber. 

The  interspaces,  together  with  a  breadth  of  18  inches  on  each 
side  of  the  way,  were  to  be  paved  with  granite  from  Fumess 
quarry  orBonawe  quarry.  The  stones  were  to  range  from  4  inches 
to  7  inches  deep,  as  might  be  required,  and  to  be  laid  on  a  bed 
of  sand  of  from  i  inch  to  li  inches  deep,  laid  on  the  bituminous 
coating.  The  stones  were  to  be  jointed  for  \  inches  on  each  side 
of  each  rail  with  British  bitmnen,  the  remainder  with  lime  grout. 
The  surface  of  the  pavement  was  formed  with  a  natural  slope  of 
\i  inch  in  one  foot  from  the  centre  line. 

The  use  of  bitumen  for  the  joints  was  abandoned,  as  on  expe- 
riment it  was  found  that  the  bitumen  ran  and  spread  beyond  the 
specified  width  and  under  some  of  the  stones,  and  the  design 
could  not  profitably  be  carried  out. 

The  contractor  was  to  maintain  the  whole  of  the  work  for  six 
months  after  completion,  and  to  replace  all  rails  faiUng  within 
12  months.  He  could  re-use,  after  re-dressing,  the  paving  stones 
interfered  with,  so  far  as  they  were  suitable  for  the  work. 

The  total  cost  of  construction  of  the  tramway  under  the  first 
contract  was  as  follows : — 


Glasgow  Corporation  Tramways. — Cost. 


X872— 7J. 

i 

Length, 
single  line. 

Total  cost. 

Cost  per 
lineal  yard. 

Cost  per 

mile, 
single  line. 

Charge  for 
mainten- 
ance for  six 
months. 

No.  I.     1st  piece 
,,         2nd    „ 

3rd     „ 

1 

Yards. 

8,281 
6,286 
2,920 

£ 
27,850 

16,144 

6,258 

2-568 
2-143 

£ 
5.919 
4,519 
h77^ 

£ 

30 

100 

20 

'    No.  I  . 
,,    2  .        . 

i»    3  • 

17,487 
12,234 

3,195 

50,252 

30,835 
7,442 

2-873 
2*521 
2-329 

5,058 

4,437 
4,100 

150 
20 

10 

Totals  . 

1 

32,916 

88,529 

2-689 

4,733 

180 
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The  variations  in  the  cost  per  yard  and  per  mile  for  the  different 
pieces  arise  chiefly  from  the  item  of  paving.  In  the  first  piece  of 
No.  I  Tramway,  the  roadway  was  of  macadam,  and  the  tramway 
was  laid  with  entirely  new  paving  ;  whilst  in  the  third  piece  the 
roadway  was  paved  throughout,  and  the  old  stones  were  re-dressed 
and  used  for  the  tramway.  In  the  other  pieces  the  roadway  was 
partly  of  macadam  and  partly  of  paving.  The  items  of  cost  for 
paving,  included  in  the  above  totals,  were  respectively  as  fol- 
lows : — 


Glasgow  Corporation  Tramways.— Cost  of  Paving. 


1 

187a— 73- 

Cost  of  paving. 

Cost  per  lineal 
yard,  single  line. 

I  -45^4 

0-667 
0-346 

Cost  per  mile, 
single  line. 

1 

1 

No.  I.     1st  piece  . 
,,        2nd    ,,     . 

,1        3'*<1     ),     • 

12,370 

4,195 
1,010 

2,629 

1. 175 
609      ; 

No.  I    .        . 

,,           2           V                        .                         .                         . 

»»    3    •        • 

i7»575 
8,476 

1,697 

1-005 
0-693 

0-531 

1 

1,769 
1,220 

935 

Totals  for  paving 

Do.  for  tramways  proper 

27,748 
60,781 

88,529 

0-84^ 
1-846 

1,484 
3.249 

Total  whole  cost  . 

2-689 

4,733 

From  these  data  it  appears  that  the  average  cost  of  construction 
per  mile  of  double  way  was : — 

For  the  tramway  proper  j^6,498  per  mile,  or  69  per  cent. 
For  paving    .  2,968  ,.  31         ., 


Total   . 


;^9,466 


, » 


100 


,» 
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Schedule  of  Prices  for  First  Contract,  1872—73. 


Excavating  macadam  and  removing  the 
same  for  double  line       .... 

Ditto  for  single  line 

Lifting  causeway,  and  excavating  stuff 
and  removing  the  same  for  double  line  . 

Ditto  for  single  line 

Fumishmg,  laying  and  completing  bitu- 
minous concrete  under  transverse 
sleepers  for  double  line  .... 

Ditto  for  single  line 

Furnishing,  laying  and  completing  bitu- 
minous concrete  upon  the  preceding 
layer  to  i^  inch  below  paving  stones,  6 
inches  deep,  or  to  from  i  to  i^  inches 
below  paving  stones  7  inches  deep  for 
double  line 

Ditto  for  single  line 

Rails  laid  complete 

Chairs  *  „ 

Bolts  and  nuts  ,, 

Fish-plates 

Washers 

Spikes 

Cast-iron  points  and 
plete 

Wrought-iron  ditto 

Transverse  sleepers,  creosoted  and  laid 
complete — 

Joint 

Intermediate         .... 

Longitudinal  sleepers,  ditto 

Ditto  laid,  not  creosoted    .... 

Allowance  for  extra  width  of  longitudinal 
beams  at  points  and  crossings 

Oak  pins,  5^  inches  long,  f  inch  diameter 

Filling  all  bolt,  spike,  and  pin  holes  with 
Archangel  tar,  per  lineal  yard  of  single 
line 


£     s.     d. 


tj 


a 


j> 


crossmgs 


laid 


com 


o  7 

o  3 

o  5 

o  2 


o  14 
o    6 


0  per  lineal  yard. 


o 
6 


2 

8 


i> 


ft 


0 

14 

2 

0 

6 

8 

9 

9 

0  per  ton. 

4 

10 

0 

16 

10 

0 

10 

5 

0 

12 

0 

0 

9 

12 

0^   ,, 

7 

10 

0 

18 

0 

0 

0 

3 

0  each. 

0 

2 

6   ,. 

0 

2 

4J  per  lineal  yard 

0 

2 

2i 

3 

0 

0  per  set. 

I 

0 

0  per  1,000. 

o    o    o'343  per  lin.  yd. 


»74 


CONSTRUCTION  OF  TRAMWAYS. 


Schedule  of  Prices  {continued). 


Furnishing  and  laying  sand  i  \  inches  deep 
under  stones : — 

Double  line o 

Single  line o 

Furnishing    and    laying    paving    stones, 
jointing  and  grouting  the  same  : — 
4  inches  deep,  new  stones — 

Double  line 2 

Single  line i 

6  inches  deep,  new  stones — 

Double  line 2 

Single  line    .        .  .        .     i 


s. 


o 
o 


5 

2 

9 


d. 


9    per  lineal  yd. 
4i 


o 
6 

o 
6 


ft 


»• 


>i 


>> 


The  liberal  development  of  solidity  exemplified  in  the  con 
struction  of  the  first  contracts  for  the  Glasgow  Corporation  Tram- 
ways were  extended  likewise  to  the  subsequent  contracts. 


CHAPTER  IX. 

GLASGOW   CORPORATION    TRAMWAYS,    1874—75  — 
SFSTEM  OF  Messrs.  JOHNSTONES  &  RANKINE. 

Following  up  the  line  of  construction  adopted  in  the  first 
contract  for  tramways,  in  1872,  the  engineers  of  the  Glas- 
gow Corporation  Tramways,  Messrs.  Johnstones  &  Rankine, 
introduced  several  modifications  of  their  earlier  designs  in  the 
tramways  more  recently  constructed,  in  1874 — 75.  In  the  course 
of  the  construction  of  the  tramways,  the  work  was  gradually 
changed  from  that  described  for  the  first  contract,  to  that  which  is 
now  to  be  described,  illustrated  by  Figs.  57  and  58. 

The  changes  consisted  of,  first,  the  substitution  of  the  flanged 
rail,  or  box -rail,  for  the  flat  rail,  to  admit  of  side  fastenings. 

Second,  the  use  of  a  thinner  layer  of  sand  under  the  paving 
stones. 

Third,  the  abandonment  of  the  lower  stage  of  concrete ;  that  is, 
the  concrete  under  the  sleepers. 

Fourth,  the  employment  of  lime  concrete,  instead  of  bituminous 
concrete. 

Fifth,  the  grouting  of  the  whole  of  the  paving  with  bitumen, 
instead  of  lime. 

The  ways  were  laid  to  a  gauge  of  4  feet  7}  inches,  with  an  inter- 
space of  3  feet  \i\  inches  between  the  two  lines,  whilst  the  paving 
was  extended  for  a  width  of  18  inches  at  each  outer  side.  The 
total  width  for  a  double  line  was  made  up  thus  : — 
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Ft. 

In. 

Two  widths  of  gauge    .... 

•     9 

3i 

Interspace 

•    3 

ni 

Two  strips  of  pavement 

.     3 

0 

Four  half-widths  of  rail  (ij  x  4  =) 

.     0 

74 

16  \o\ 

For  a  single  line  the  total  width  is  7  feet  \\\  inches. 

The  steepest  gradients  of  the  tramways  in  Glasgow  lie  in 
Renfield  Street.  Going  northwards  from  St.  Vincent  Street  to 
Cowcaddens,  the  gradients  are  as  follows  : — 

Yards. 

I  in  81  for    88 
I    ,,  20    „   215 


Yards. 

I 

in 

27 

for  96 

I 

f » 

21 

.,  113 

I 

»i 

26 

,»     52 

I 

n 

43 

,.      22 

'    Total     I    ,,  21    ,,    586 

The  gradients  in  Great  Western  Road,  west  of  Kelvin  Bridge, 
Hillhead,  are  as  follows  : — 

V.'irda.  Yards. 

I  in  y]  for  85                j                  i  in  41  for  85 
I    „  27    „  no  I  -       —       


I    M  30    M    37  Total     I    „  2^},    „   415 

I    M  33    M    98 

For  a  double  line,  the  roadway  was  excavated  to  a  width  of 
17  feet,  and,  for  a  single  line,  to  a  width  of  8  feet ;  to  a  uniform 
depth  of  1 2  i  inches  below  the  intended  level  of  the  rails.  The 
excavated  surface  was  cleared  of  all  refuse,  sludge,  loose  or  soft 
material,  before  the  concrete  and  the  sleepers  were  laid. 

The  rails  were  of  wrought  iron,  and  weighed  60  lbs.  per  yard  ; 
they  were  rolled  in  lengths  of  24  feet,  with  about  5  per  cent,  of 
the  total  quantity  in  shorter  lengths.  In  the  character  of  the 
section,  they  are  nearly  the  same  as  are  laid  in  the  Vale  of  Clyde 
Tramways.  They  are  3  J  inches  wide,  and  i-jv  inches  thick ;  the 
rolling  surface,  which  is  slightly  rounded,  is  ij  inches  wide,  the 
groove  is  I J  inches  wide,  and  the  flange  at  the  inside  is  \  inch 
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vide.  The  groove  is  foimed  with  3.  flat  floor,  and  is  ODiy  W  inch 
deq),  leaving  a  }-inch  thickness  of  metal  below  it  The  lower 
nde  flanges  are  fully  }  inch  thick  and  i|  inches  deep,  thus  making 
a  total  depth  of  zH  inches.  Comparing  this,  the  new  rail,  with 
the  old  rail,  Fig.  55,  page  167,  whilst  the  weights  of  the  Ruls  are 
both  60  lbs.  per  yard,  there  is  a  better  distribtition  of  metal  in  the 
Dew  rail;  for  whilst  it  is  iV  inch  thinner,  it  is,  with  the  flanges, 
U  inch  deeper  than  the  first  rail.  Again,  by  the  comparative 
flatness  and  shallowness  of  the  groove,  the  new  rail,  though 
tbinner,  retains  a  sufficient  thickness  under  the  groove,  which  is 
Cbe  weakest  part  in  grooved  rails. 


Fig.  56.    Gla^ow  Corpoiation  Tramways :  —Section  of  Rail.    Scale  \. 

The  longitudinal  sleepers,  or  beams,  are  of  Baltic  red  timber, 
4  inches  wide  and  6  inches  deep,  rebated  at  each  side  for  the 
lower  flanges  of  the  rail,  and  not  less  than  34  feet  in  length.  The- 
joints  of  the  beams  are  cut  square.  At  curves  the  beams  are 
s^wn  to  the  radius,  and  where  the  radius  is  less  than  80  feet  the 
beams  might  be  reduced  to  14  feet.  The  rails  were  drawn  close 
to  the  longitudinal  beams  by  means  of  a  powerful  cramp,  and  each 
rail  of  24  feet  in  length  was  secured  to  the  beam  with  side- 
festenings,  or  staples,  at  each  side  alternately,  and  at  a  pitch  of 
ibout  13^  inches  on  each  side.  Each  joint  of  the  rails  is  fished 
<nth  an  iron  plate  8  inches  long,  3  inches  wide,  and  |  inch  thick. 
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let  flush  into  the  upper  surface  of  the  beam,  and  the  end  of  each 
rail  is  fixed  to  the  beam  by  two  pairs  of  suples.  Each  34  feet 
rail  is  fastened  to  the  beams  by  a  toUl  of  twenty  staples.  The 
staples  are  of  Lowmoor  iron  and  are  in  section  \  inch  by  |  inch ; 
the}'  have  a  total  length  of  8  inches,  and  are  forged  with  two 
bends,  of  which  the  upper  bend  is  chisel  pointed,  and  passes 
through  holes  punched  in  the  flange  of  the  rails.  The  lower  end 
is  jagged. 

The  transverse  sleepers  are  of  Baltic  red  timber,  8  feet  long 


Fio.  57.     Glasgow  Corporation  Tramwaya ; — Section  of  Rail  and  Sleepen, 
wilb  fastenings.     Scale  \. 


and  4  inches  deep.  The  sleepers  at  the  joints  are  7  inches  wide 
and  the  intermediate  sleepers  are  6  inches  wide.  A  joint  sleeper 
is  laid  under  each  joint  of  the  longitudinal  beams;  and  at  each 
joint  of  the  rails,  two  intermediate  sleepers  are  placed,  at  a  distance 
apart,  between  centres,  of  not  more  than  2  feeC  At  other  places 
the  distance  apart  of  intermediate  sleepers  is  not  more  than  3  feet 
8  inches  between  centres.  Spike  holes  are  bored  through  the 
sleepers. 
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All  the  timber  was  creosoted  to  the  extent  of  10  lbs.  of  creosote 
per  cubic  foot. 

The  longitudinal  beams  rest  in  solid  cast-iron  chairs,  4  inches 
wide  between  the  flanges,  6  inches  wide  for  the  joints  of  the 
beams,  and  4  inches  wide  intermediately.  The  sole  of  each  chair 
is  9f  inches  long,  and  rests  on  the  transverse  sleeper,  which  is 
dressed  to  receive  it  The  sole  is  if  inches  thick,  and  the  flanges 
taper  from  i  inch  thick  at  the  base  to  \  inch  at  the  upper  edge. 
The  joint  chairs  weigh  2 1  lbs.  each,  and  the  intermediate  chairs 


Fio.  58.    Glasgow  Corporation  Tramways  :— Plan  of  Sleepers. 

Scaled. 


14  lbs.  each.  The  chairs  are  fastened  to  the  sleepers  by  t-inch 
wrought-iron  spikes,  4  inches  long,  with  cup  heads,  and  tapered 
for  \  inch  of  length  to  f  at  the  ends.  The  longitudinal  beams 
are  fixed  in  the  chairs  by  t-inch  compressed  oak  pins,  driven 
through  the  flanges  of  the  chairs,  and  through  holes  bored  in  the 
beams ;  the  ends  of  the  pins  are  sawn  off  flush  with  the  flanges. 

After  the  sleepers,  beams,  and  rails  were  accurately  laid  and 
adjusted  on  the  bottom  of  the  excavation,  the  sleepers  were  packed 
underneath  with  fine  concrete,  composed  as  follows : — 

N  2 
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Whinstone  shivers,  broken  to  a  }-inch  gauge     ...  3 

Sand 3 

Orchard  Roman  cement i 

Arden  lime 1 

8 

The  spaces  between  the  sleepers  were  filled  to  the  level  of  the 
ypper  surface  of  the  sleepers  by  a  concrete  as  follows : — 


Whinstone  metal,  to  a  2-inch  gauge,  perfectly  free  from 

mud,  clay,  and  dirt 6 

Sand I 

Orchard  Roman  cement i 

Arden  lime i 

9 

Upon  this  bed  of  concrete,  and  over  the  sleepers,  a  stratum  of 
fine  concrete  was  laid  to  such  a  thickness  as  to  bring  up  the  level 
to  ^  inch  below  the  paving  sets.  When  the  sets  were  6^  inches 
deep,  the  thickness  of  the  stratum  was  about  i^  inches.  Upon  a 
^inch  layer  of  clean  sharp  sand,  tlie  paving  was  bedded.  The 
new  paving  was  to  be  of  granite  from  the  Funiess  or  Bonawe 
quarries,  or,  in  the  option  of  the  Corporation,  of  Aberdeen  granite. 
It  was  actually  selected  and  wholly  obtained  from  the  Fumess 
and  Bonawe  quarries.  The  stones  were  to  be  3  to  4  inches  wide,. 
6  to  7  inches  deep,  and  6  to  12  inches  in  length.  They  were  set 
in  straight  and  parallel  courses  across  the  lines  of  tramways,, 
abutting  closely  on  the  rails,  and  the  sets  overlying  the  chairs 
were  cut  to  suit  them.  The  surface  of  the  pavement  was  laid  to  a 
slope  of  i  inch  per  foot  transversely,  from  the  centre  line  of  the 
way.  It  was  grouted  with  a  mixture  of  British  bitumen,  rnanu-- 
factured  from  pure  coal-tar  pitch,  and  pitch  oil  having  a  specific 
gravity  of  '95.  Oil  was  to  be  used  in  sufficient  proportions  to 
produce  a  plastic  grout  The  grout  was  run  in  hot,  and  the  joints 
were  completely  filled  with  it. 

The  points  and  crossbgs  are  of  cast  iron,  chilled  at  the  upper 
side  to  a  depth  of  at  least  f  inch. 
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The  improvements  in  economy  and  in  efficiency,  realised  in  the 
second  system  of  way,  compared  to  the  first  system,  are  very 
clearly  brought  out  by  a  comparison  of  the  illustrations.  The 
4-iiich  substratum  of  concrete  was  dispensed  with,  for  it  was  found 
that  the  bottoms,  as  excavated,  were  sufficiently  firm  and  solid  to 
support  the  cross  sleepers.  In  this  way,  economy  in  excavation 
also  was  effected,  for  the  depth  of  material  excavated  was  reduced 
by  4  inches,  from  i6J  inches  to  12  J  inches. 

In  both  the  earlier  and  th&  later  designs,  provision  was  made 
for  rendering  the  work  watertight,  but  differently.  For,  in  the 
first  construction,  the  water-proofing,  consisting  of  the  bituminous 
concrete,  was  laid  at  the  foundation,  and,  in  the  second,  it  was 
laid  at  the  surface  of  the  road>  consisting  of  -the  bituminous  grout 
paving. 

The  adoption,  in  the  later  conshruction,  of  a  thinner  layer  of 
sand  for  paving — J-  inch  instead  of  li  inches — was  clearly  bene- 
ficial ;  it  made  a  steadier  pavement,  which  could  be  kept  better 
up  to  the  rails,  and  which  demonstrated  the  advantages  of  the 
good  foundation.  .... 

Finally,  the  most  important  improvement 'consisted  in  the  sub- 
stitution of  the  flange  rail  or  box-rail,  with  side  fastenings,  for  the 
fiat  grooved  rail  with  a  vertical  bolt  fastening. 


Glasgow  Corporation  Tramways.t-Schedule  of  Prices. 

£  '  B.    d: 

Lifting  causeway,  excavating  and  removing 
stuff  from  paved  road — . 

Double  line  •        .       ^        .       «    o  .  4    o  per  lineal  yard. 
Single     „ 020  „ 

Ditto,  from  macadamised  roads — 

Double  line  •        .        .        .        .040  ,, 

Single 020  ,, 

Furnishing  and  laying  coarse  and  also  fine 
concrete — 

Double  line o  11    6  ,, 

Single     „ 059 
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Glasgow  Corporation  Tramways  {continued), 

£     s.    d. 

Carting,  bending,  and  laying  rails  com- 
plete- 
Double  line 019  per  lineal  yard. 

Single     „ o    o  II  ,, 

Chairs,  laid  complete         .        .        •        .     7  17    o  per  ton. 

Joint  plates,  ditto 13100       ,, 

Spikes,  ditto 16    o    o       ,, 

Rail  fastenings,  ditto  ,        .        •        .  44    o    o       ,, 

Chilled  cast-iron  switches,  ditto         •        .600  each. 

Ditto  crossings,  ditto         •        .        .        •    5    5    o     ,, 

Transverse  sleepers,  creosoted  and  laid — 

Intermediate         •        .        •        .032,, 
Joint 036,, 

Longitudinal  beams,  creosoted  and  laid  .    o    i  1 1  per  lineal  yard. 

Oak  pins    •        •  .•..000^  each. 

Furnishing  and  laying  sand — 

Double  line 009  per  lineal  yard. 

Single      „ o    o    4J  „ 

Redressing  and  relaying  paving  stones — 

Double  line 080  „ 

Single      ,,     .        •        •        •        .040  ,, 

New  paving  laid  complete — 

Double  line 2  17    o  ,, 

Single     ,,«...  186  „ 

Fitch-grouting  the  pavement — 

Double  line 0120  „ 

Single     M     •        •        •        •        .060  ,, 

Extra  excavation 020  per  cubic  yard. 

Ditto  concrete o  11     6  „ 

Aberdeen  granite  for  pavement — 

Double  line 2  16    o  per  lineal  yard. 

Single      „ 180  ,, 
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Quantities  and  Cost  per  Mile,  Single  Line,  of  the 

Glasgow  Corporation  Tramways  (Second 

System  of  Way),  1874 — 75* 


Work  and  materials. 

Per  mile. 

Per  lineal  yard. 

Quantity. 

Cost. 

d. 

Quantity. 

Cost 

Way. 

£ 

s. 

£     >•     d. 

Excavation  . 

1,694  ^^^'  y^s- 

176 

0 

0 

•96  cub.  yds. 

0      2      0 

Concrete 

630      „       „ 

506 

0 

0 

•36         „          M 

059 

Sleepers 

3,862      „     ft. 

\t\ 

10 

0 

2-20      „    ft. 

030} 

Chairs  . 

20*62    tons 

17 

2 

26i  lbs. 

0      I    10 

Spikes  . 

2,356  lbs. 

16 

16 

7 

1*34      „ 

0    0    2I 

Trenails — oak 

3,528  „ 

7 

7 

0 

2 

0      0      1 

Rails    . 

94-3      tons 

990 

3 

0 

120  lbs. 

0   II      2 

Joint  plates . 

1,099  lbs. 

6 

12 

6 

•62  „ 

0    0    oj 

Staples 
Totals     . 

11.440  „ 

224 

H 

0 

6-5     ., 

0      2      6^ 

•  • 

2,337 

0 

3 

•  ■ 

I    6    7 

Pavembnt. 

• 

£ 

s. 

d. 

£     s.     d. 

Sand     . 

1,760  lin.  yds. 

2,508 

0 

0 

I  lin.  yd. 

0  0    ±1 

1  8    6 

New  paving  stones 

4»594  sq.    „ 

0 

0 

2 '6 1  sq.  yds. 

Pitch  grouting     . 
Total 

1,760  lin.    ,, 

528 

0 

0 

I  lin.  yd. 

060 

■  • 

3,069 

0 

0 

• . 

I  14  11 

Summary. 

£ 

s. 

d. 

£     5.     d. 

Way     . 

•  • 

2,337 

0 

3 

•  • 

I     6    7 

Pavement     • 
Total  cost 

•  • 

3,069 

0 

0 

•  • 

I  14  11 

•  • 

5406 

0 

3 

. . 

3     I    6 

CHAPTER  X. 

GLASGOW  CORPORATION  TRAMWAFS. — MESSRS. 
JOHNSTONES  &  RANKIJVE'S  MORE  RECEKT 
SYSTEM  OF  WAV,  \%n—^EAR  OF  RAILS. 

It  was  apparent,  nevertheless,  with  the  prospect  of  the  future 
employment  of  steam  power  for  traction,  and  the  attendant  heavy 
roUmg  loads,  that  something  better  could  be  devised  than  the 
longitudinal  timber  beam  and  the  box  rail,  a  subject  which  had 
for  a  long  period  engaged  the  attention  of  the  engineers.  The 
Vale  of  Clyde  Tramways,  the  construction  of  which  is  described 
in  the  next  chapter,  having  longitudinal  and  side  fastenings,  have 
not  withstood  the  steam  haulage  by  engines.  The  ends  of  the 
rails  were  driven  down  into  the  timber,  and  the  side  fastenings 
worked  loose. 

Preparatory  to  deciding  on  the  material — iron  or  steel — for  the 


Fig.  59.    Orieinal  S«cti(Hi  ofRMli,  Glasgow. 

rails  of  the  new  system  of  way  designed  for  haulage  by  mechanical 
power,  the  results  of  the  comparative  wear  and  tear  of  iron  rails 
and  steel  rails  under  like  circumstances,  were  investigated  by  the 
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engineers,  Messrs.  Johnstones  &  Rankine.  Two  rails,  of  the 
earliest  section,  one  of  iron  and  one  of  steel,  laid  in  Paisley  Road, 
within  a  few  yards  of  each  other ;   and  two  rails,  one  of  iron  and 


Fig.  60.    Iron  Rail,  laid  Decemtwr,  1S71.     Worn  Section. 


Fig.  61.    Steel  Rail,  laid  December,  1873.    Worn  Seclion. 


Fib.  61.    Iroa  Rail,  laid  May,  1873.    Warn  Section. 


Fio.  63.     Sleel  Rail,  laid  May,  iS;j.     Worn  Sec 


one  of  steel,  laid  in  Argyll  Street,  were  weighed  when  they  were 
hid  and  when  they  were  taken  up.  The  original  and  the  worn 
sections  are  illustrated  by  Figs.  59  and  63. 
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Paisley  Road : — 

Iron  rail,  laid  Dec,  1872.  Weight  480  lbs. 

lifted  May,  1879.  Do.    436  lbs.       Loss  44  lbs. 

Steel  rail,  laid  Dec.,  1872.  Weight  480  lbs. 

lifted  May,  1879.  Do.    436J  lbs.     Loss  43  J  lbs. 
Argyll  Street  :— 

Iron  rail,  laid  May,  1873.  Weight  480  lbs. 

lifted  May,  1879.  Do.    441  lt>s.      Loss  J9  lbs. 

Steel  rail,  laid  May,  1873.  Weight  480  lbs. 

lifted  May,  1879.  Do.    447  lbs.       Loss  33  lbs. 

The  loss  of  weight  in  the  iron  rails  averages  41^  lbs. ;  and  in 


J;  iG.  64. 

the  steel  rails  38  J  lbs.    But  in  the  individual  case  of  Paisley  Road 
the  wears  were  equal. 

These  results  are  remarkable,  and  in  a  sense  disappointing, 
showing  an  unexpected  degree  of  mediocrity  in  the  steel  rails ; 
though  the  wear  of  the  rails  was  more  nearly  uniform  than  that  of 
the  iron  rails. 
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Steel  was  adopted  for  the  material  of  the  rails  of  the  new  lines ; 
and  the  girder  form  for  the  section  of  the  rails,  as  shown  in 
Fig.  64.  They  were  rolled  by  the  Steel  Company  of  Scotland, 
in  lengths  of  24  feet.  The  lip,  or  guard  flange,  is  rolled  out  nearly 
square  with  the  web,  and  is  then  turned  upwards  to  form  the  groove. 
There  was  some  difficulty  and  cause  of  trouble  in  perfecting  the 
rolls.  The  greatest  difficulty  lay  in  maintaining  the  bottom  flanges 
of  the  rails  in  their  entirety  for  the  whole  width.  The  more  nearly 
the  mass  of  metal  in  the  upper  part  of  the  rail  balances  that  in 
the  lower  part  the  better  for  the  work  of  rolling  and  the  distribu- 
tion of  the  metal.  The  friction  in  rolling  tends  to  withdraw  the 
thin  sole  plate  from  the  extremities  of  the  grooves  in  the  rolls, 
and  so  to  produce  a  sole  of  uneven  width.    That  tendency  is  more 


iB«gf|Vjinniiu«ih'^]|| 


Figs.  65,  66.    Johnstones  &  Rankine's  Way,  Glasgow. 

powerful  at  and  near  the  ends  of  the  rails  than  in  intermediate 
positions.  In  consequence,  the  rails  require  a  good  deal  of 
trimming,  and  considerable  allowance  is  made  in  the  blooms  for 
waste  ends.  Nevertheless,  the  rails  can  be  rolled,  if  necessary,  in 
clear  lengths  of  30  feet. 

The  construction  of  the  new  way  is  shown  in  Figs.  65  and  66. 
The  rails  are  laid  on  and  spiked  to  transverse  timber  sleepers, 
without  the  intervention  of  longitudinal  timber  sleepers.  The 
ground  is  excavated  for  a  depth  of  only  loj  inches  below  the 
surface  of  the  road,  for  a  minimum  width  of  formation  of  1 7  feet  for 
a  double  line,  and  8  feet  for  a  single  line.  The  transverse  sleepers 
are  of  Baltic  timber,  6  inches  wide  by  4  inches  deep  and  8  feet  in 
length,  creosoted  to  the  extent  of  10  lbs.  of  creosote  per  cubic  foot 
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of  timber.  They  are  laid  on  the  floor  of  the  excavation,  on  the 
system  already  shown  in  Fig.  58,  page  179,  one  at  each  side  of  the 
joint  of  the  rails,  at  15  inches  from  the  joint  to  the  centre  of  the 
sleeper.  The  intermediate  sleepers  are  laid  at  a  pitch  of  3  feet 
lo}  inches  between  centres ;  making  seven  sleepers  to  each  24  feet 
length  of  single  line.  They  are  bedded  on  and  packed  with  fine 
concrete. 

The  rails  are  of  Bessemer  steel,  of  which  the  ultimate  tensile 
resistance  is  30  tons  per  square  inch.  The  tread  of  the  rail  is 
1}  inches  wide,  the  groove  is  li  inches  wide  at  the  surface,  and  the 
guard  flange  is  \  inch  thick,  making  altogether  3!  inches  of  width. 
The  rail  is  6^^  inches  high,  and  the  base  is  5^  inches  wide.  The 
base  is  \  inch  thick  at  the  edge,  and  expands  to  \V  inch  thick 
near  the  middle.  The  vertical  web  is  \  inch  thick  and  tapers  to 
\  inch  thick  to  the  head.  With  these  dimensions  the  rails  weigh 
79  lbs.  per  yard.  They  are  rolled  in  lengths  of  24  feet,  with  a 
proportion  of  about  5  per  cent  in  lengths  of  20  feet.  The  rails 
are  fish-jointed.  In  the  web  of  each  rail,  at  each  end,  2  oval 
fish-bolt  holes  are  punched,  \  J  inch  deep  and  i  inch  long,  respec- 
tively 3  inches  and  9  inches  from  the  end.  The  fishplates  are 
2  feet  long,  3  inches  wide,  and  f  inch  thick :  they  weigh  7  lbs.  each. 
The  bolts  and  nuts  are  of  B.  B.  iron,  }  inch  diameter,  with  semi- 
spherical  heads  and  square  nuts.  The  design  of  the  fishplates  is 
opposed  to  that  of  current  practice.  The  plates  lie  flat  against 
the  web  of  the  rail,  but  do  not  take  a  bearing  either  above  or 
below  on  the  head  or  the  base.  The  rails,  it  is  contended,  bedded 
direct  on  the  concrete,  are  immovably  held  by  the  bituminous 
grouting ;  and  the  fishplates  were  applied  rather  with  a  view  to 
keeping  the  ends  of  contiguous  rails  true  to  each  other,  until  the 
work  was  completed. 

The  rails  were  laid  to  a  gauge  of  4  feet  7}  inches  :  a  gauge  the 
origin  of  which  has  already  been  explained,  page  168.  The  sole 
of  each  rail  is  brought  close  to  the  sleepers,  to  which  each  24  feet 
rail  is  secured  by  14  dogheaded  spikes.  Half-inch  holes  are 
bored  entirely  through  the  sleepers  for  the  reception  of  the  spikes. 
The  spikes  are  of  B.  B.  iron  and  are  \  inch  square ;  they  are 
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4.  inches  long  under  the  head,  and  taper  to  \  inch  thick  at  the  point 
for  a  length  of  }  inch.  The  projection  of  the  head  is  i  inch  from 
the  stem  of  the  spike. 

After  the  sleepers  have  been  packed,  and  the  rails  laid  to  proper 
line  and  level,  the  space  excavated  is  filled  between  the  sleepers, 
flush  with  them.  The  road  metal  from  the  material  excavated, 
when  used  for  making  concrete,  is  carefully  screened  and  cleaned. 
This,  as  well  as  new  metal  used,  is  broken  to  a  2 -inch  gauge. 
The  concrete  is  composed  of  5  uieasures  of  metal,  2  of  sharp 
sand,  and  x  of  Portland  cement,  weighing  not  less  than  115  lbs. 
per  straked  imperial  bushel.  The  cement  is  required  to  be  so 
finely  ground  that  at  least  four-fifths  of  it  can  pass  through  a  sieve 
of  2,500  meshes  per  square  inch,  or  50  meshes  per  lineal  inch, 
and  to  be  such  that  after  being  mixed  neat  in  a  mould  and 
immersed  in  water  for  seven  days,  it  resists,  without  breaking,  a 
tensile  force  of  300  lbs.  per  square  inch.  The  surface  of  the  con- 
crete filling  is  smoothed  off  with  a  layer  of  fine  concrete  composed 
of  4  parts  of  fine  clean  whinstone  shivers,  i  part  of  sand,  and 
I  part  of  Portland  cement.  This  fine  concrete  is  laid  upoa  the 
sleepers  where  the  paving  stones  are  of  such  depth  that  room  for 
it  is  left  under  them.  The  finished  surface  is  to  be  not  more  than 
^  inch  below  the  lower  surface  of  the  paving  stones.  The  rails 
are  thoroughly  underpacked  with  concrete,  so  that  they  rest 
throughout  on  the  concrete,  not  having  any  hollow  or  vacant 
spaces.  All  concrete  is  carefully  mixed  when  dry,  and  afterwards 
watered  and  turned  over  at  least  twice  on  hard  clean  boards. 

A  layer  of  clean  sharp  sand,  not  less  than  ^  inch  thick,  is  spread 
over  the  concrete,  on  which  the  paving  is  set.  The  joints  of  the 
paving  are  kept  free  of  sand,  and  no  more  sand  is  used  than  is 
requisite  fdr  bedding  the  stones. 

The  paving  extends  for  a.  width  of  .18  inches  outside  the  outer 
rails,  and  is  laid  also  between  the  rails.  The  paving  for  the  double 
line  of  tramway,  excluding  the  breadth  occupied  by  the  rails,  is 
15  feet  9  inches  in'width;  arnd  for  a  single  line  it  is  7  feet  4^^  inches 

in  width.     The  new  paving  is  of  the  granite  of  the  Fumess  or 

•        •        •        • 

Bonawe  quarries,  or  of  first-class  close-gramed  Aberdeen  granite* 
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When  old  paving  is  restored  new  stcnes  are  laid  next  the  rails. 
The  paving  sets  are  all  6  inches  in  depth,  from  6  inches  to  12  inches 
long,  and  from  3  inches  to  4  inches  in  breadth.  The  paving 
is  laid  in  straight  and  parallel  courses,  to  a  uniform  lateral  slope 
of  i  inch  vertical  to  each  foot  horizontal,  or  at  the  rate  of  i  in  48, 
flush  with  the  rails.  The  stones  are  set  close  to  each  other,  break 
bond  for  at  least  one-third  of  their  length,  butt  truly  and  hard 
against  the  rail,  and  laid  as  much  as  is  practicable  so  that  the  dog- 
spikes  come  between  courses.  But,  when  necessary,  the  stones 
are  properly  cut,  so  that  they  shall  not  rock  on  the  spikes  or  other 
material. 

After  the  paving  is  laid  and  thoroughly  beaten,  all  the  joints — 
next  the  rails  as  well  as  between  the  sets — ^are  completely  grouted 
with  a  mixture  of  best  British  bitumen,  and  pitch  oil.  The  bitu- 
men is  manu&ctured  from  pure  coal-tar  pitch ;  the  oil  has  a  specific 
gravity  of  '950.  Each  boilerful  of  grout  is  tested  by  suddenly 
cooling  a  portion  of  the  grout  in  water ;  after  being  so  cooled  the 
grout  should  be  plastic,  and  should  not  break  by  bending.  The 
grout  is  boiling  hot  when  used. 

In  constructing  the  tramway  over  Albert  Bridge  the  sleepers 
were  only  2  inches  deep,  when  the  full  depth  of  excavation  could 
not  be  allowed.     The  rails  were  bedded  in  fine  concrete. 

The  contractor  maintained  the  whole  of  the  works,  materials, 
and  lines  of  tramways,  for  twelve  months  afler  the  several  dates  of 
opening  for  traffic. 

Schedule  of  Prices  for  Contract  No.  7,  September,  1879. 

Double  Single 

line.  line. 

I.     d.  s.     d. 

Excavating  and  removing  stuff  from  macadamised 

roads,  per  lineal  yard 24  12 

Concrete  complete,  per  lineal  yard  .  .  .68  34 
Carting,  bending,  and  laying  rails  and  fishplates 

complete,  per  lineal  yard    •                 .        .        ,18  o  10 

Bolts  and  nuts  for  fishplates,  per  cwt.    .        .        .     10    6  106 

Spikes  per  cwt 10    0  10    o 

Switches,  laid  complete,  per  pair  •        «        .        .    90    o  90    o 
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Schedule  of  Prices  {continued). 

Double  Single 

line.  line. 

8.     d.  8.     d. 

Complete  rail  crossings  of  cut  rails,  each      •        .  20    o  20    o 

Creosoting  and  laying  sleepers,  each     .        •        .  o  10  o  10 

Sa.nd,  per  lineal  yard 06  03 

I^ev  6-inch  stone  paving,  per  lineal  yard       .        .  44    o  22    o 
L^iftiog,  redressing,  and  relaying  old  paving  sets, 

per  lineal  yard 80  40 

Pitch  grouting^  per  lineal  yard       •        •        •        .86  43 

Additional  prices  for  extra  work. 

8.     d. 

Hxtra  excavation,  per  cubic  yard 26 

Do.  concrete,            „            „ 10  3 

New  4-inch  cubes  of  Fumess  granite  for  double  line,  per 

lineal  yard •        •        •        •  35  6 

New  4-inch  cubes  of  Aberdeen  granite  for  double  line,  per 

lineal  yard 37  ^ 

New  6-inch  cubes  of  Aberdeen  granite  for  double  line,  per 

lineal  yard 48  o 

Pitch  grouting  4-inch  cubes  for  double  line,  per  lineal  yard  8  o 

On  the  rates  contained  in  the  foregoing  schedule  the  extensions 
have  been  constructed.  The  quantities  and  costs  per  lineal  yard 
and  per  mile  of  double  line  are  given  as  follows.  For  the  sake  of 
comparison  the  corresponding  details  are  here  given  for  Contract 
No.  I,  made  in  September,  187 1. 

Quantities  and  Costs  of  the  Glasgow  Corporation 

Tramways. 

Contract  No,  i,  September,  1871.    In  macadamised  roads,  with 

new  paving, 

DocBLK  Line.  ^^"^  *'°«M  >*"^'        J^  "f^. 

s.     a.  ±j       s.     u. 

Excavation 70  616  o  0 

Concrete 29    6  2,596  o  o 

Iron  rails,  60  lbs.  per  yard,  laid  complete, 

£^  9s.  per  ton 20    ij  1,771  o  o 

Chairs,  laid  complete,  £\  los.  per  ton      •  21^  187  o  o 

Bolts  and  nuts,  fixed  complete,  330s.  per  ton  o    8  5^  13  4 

Fish-plates,  fixed  complete,  205s.       ,,     .  o    4J  33  o  o 

Washers,  fixed  complete,  240s.            ,,    •  04  29  6  8 
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Quantities  and  Costs  {continued). 

Double  LixK.  Per  lineal  yard,         PcrmUc 

s.     a.  j^        t.     <s« 

Spikes,  fixed  complete,  192s.  6d.  per  ton  .          03  22    o    o 
Sleepers,  creosoted  and  laid,  2s.  6d.  to 

3s.  each  .        .        .    •    .    *    .        .        .          46  396    o    o 

Longitudinal  beams  .    '    .                 .'.'96  836    o    o 

Oak  pins,  205.  per  1,000    ....          01  768 

Tarring  bolt  holes,  &c 01  768 

Total  for. way 74  6J        6,559  ^3    4 

Sand 09  66    o    o 

New   6-inch    paving     stones,    including 
grouting        59    o        61192    o    o 

Total  for  pavement    .        .    .    59.  9        5»258  -0    o 
Total  for  ^yay  and  p^vem^nt  complete    .  134  .  3^  jf  11,817  ^3    4 

Contract  No.  7,  September,  1879.    In  macadamised  roads  with 

new  j^aving. 
Double  Line.  Per  lineal^.  |^''^'*'d. 

Excavation 24  205  6  8 

Concrete 6    8  586  13  4 

Carting,  bending,  and  laying  rails  and 

fish-plates 18  146  13  4 

Steel  rails,  79  lbs.  per  yard,  ;^8  los.  per  ton  )  ^^     ^  2  20s  6  8 

Fish-plates,  14  lbs.  per  pair,  ;^8  I  OS.      „        J 

Bolts  and  nuts,  ;£io  los.  per  ton        .        .  03  22  o  o 

Spikes,  jf  10  per  ton 03  22  o  o 

Sleepers,  is.  ii^d.  each     .        .        .        .  ) 

Creosoting  and  laying  sleepers,  lod.  each.  )  ^  43  3  4 

Total  for  way     .        .        .        42    2     ;f 3,7 10  13    4 

Sand 06  4400 

New  6 -inch  paving  sets     ....        44    o        31872    o    a 
Pitch  grouting  for  do.         .^        .,        .^        .,        .8    6  748    0    o 

Total  for  pavement      .'        .        .  53    o      j^4,664    o    o 

Total  for  way  and  pavement,  complete     95    2     ;^8,374  13    4 
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The  price  of  the  sleepers,  is.  ii^d.  each,  delivered  at  the  creo- 
soting  works,  was,  it  may  be  noted,  above  their  market  value.  It  is 
an  adjusted  price,  covering  undelivered  timber  contracted  for  in 
1873 — 74»  when  the  market  value  of  timber  was  high. 

Irrespective  of  difference  of  rates,  due  to  the  state  of  the  markets, 
it  appears  generally,  in  comparing  the  costs  for  the  earliest  and 
latest  ways,  that  the  comparative  saving  by  the  adoption  of  the 
new  system  is  effected,  for  the  most  part,  in  the  items  of  excavation 
and  concrete,  in  which  together  the  reduction  amounts  to  ^£2,420. 
Add  to  this  jQ^o^,  the  reduction  of  cost  for  the  way  proper,  and 
the  sum,  ;£2,829,  is  the  whole  difference  in  cost  in  favour  ot 
the  new  way.  The  shallower  and  simpler  structure  of  the  new 
way  has  been  rendered  available  by  the  employment  of  the 
stronger  concrete,  made  with  Portland  cement. 

Thus  it  is  that  Messrs.  Johnstones  &  Rankine  have  logically 
matured  an  excellent  system  of  tramway :  having,  by  successive 
stages,  reduced  the  quantity  of  excavation,  concrete,  and  timber ; 
simplified  the  design,  increased  the  strength  and  durability  of  the 
work,  and  minimised  the  cost  of  construction. 

In  March,  1881,  four  miles  of  way  had  been  laid  in  Glasgow, 
on  the  new  girder  system,  the  first  portion  of  which  had  been 
opened  one  year  previously.  Now,  in  1892,  over  nine  miles  have 
been  constructed,  the  last  portion  having  been  completed  in  1887. 
Practically,  there  has  not  been  made  any  alteration  of  the  system, 
excepting  that  the  width  of  the  fish-plates  has  been  augmented  so 
as  to  occupy  the  whole  depth  of  the  web  of  the  rail. 

The  cost  of  the  lines  constructed  between  1882  and  1887  varied 
from  ^7,000  to  jQ^yOoo  per  mile  of  double  line.  The  prices  of 
rails  and  fish-plates  have  varied  considerably,  those  used  in  1882 
costing  jQi)  5s.  per  ton,  and  those  used  in  relation  to  the  two  suc- 
ceeding contracts,  extending  from  1885  onwards,  jQ$  17s.  6d.  and 
JQ^  respectively  for  rails  and  fish-plates. 

The  prices  for  sleepers,  including  creosoting  and  laying,  was 
reduced  in  1882  to  2s.  id.  each,  and  thereafter  to  is.  6d. 

The  whole  length  of  tramways  in  Glasgow  and  suburbs  belong- 
ing to  the  Corporation  is  31  miles  of  double  line,  the  total  cost  ot 

o 
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which,  including  that  of  the  relative  Acts,  has  been  ;f  345iOoo. 
The  lessees  find  the  necessary  equipment  for  their  working. 

It  was  not  till  the  beginning  of  1886  that  any  of  the  tramwa3rs 
required  renewal,  their  life  on  the  busiest  streets  having  thus  been 
14  years.  Up  to  September  last  about  15  miles  of  double  line 
had  been  renewed.  In  relaying  the  tramways  the  substructure  is 
not  interfered  with.  The  rail,  longitudinal  beam,  and  chair,  are 
lifted  and  removed  entirely.  The  new  or  girder  rail,  of  similar 
type  to  that  used  here  since  1880,  is  designed  to  correspond  in 
depth  and  come  in  place  of  these.  It  is  thus  laid  on  the  old 
transverse  sleeper  and  spiked  to  it  as  in  the  case  of  new  tramways. 
The  paving  is  taken  up  so  as  to  restore  it  to  the  same  level,  and 
after  redressing  is  relaid.  The  sleepers  are,  it  is  stated,  all  in 
good  condition,  having  suffered  little  deterioration  during  the 
14  years  or  so  they  have  been  laid. 

As  for  the  cost  for  renewal,  it  has  naturally  varied,  being  partly 
controlled  by  the  importance  of  the  street,  the  work  having  some- 
times to  be  done  during  the  night,  involving  the  construction  of 
cross-overs  within  short  distances.  The  preparation  of  new  paving 
stones  is  also  an  uncertain  quantity,  varying  from  10  per  cent  to 
33  per  cent,  and  in  some  cases  even  exceeding  that.  The  average 
cost  of  renewal  of  a  double  line  of  tramway  is  from  ;f  4,000  to 
;^4,5oo,  less  the  value  of  old  material,  which  amounts  to  about 
;^3So  per  mile. 


CHAPTER  XL 

THE  VALE  OF  CLYDH  TRAMWAYS. 

The  Act  for  the  Vale  of  Clyde  Tramways  was  passed  in  187 1. 
They  consisted  of  two  sections — from  Park  House  Toll,  Glasgow, 
to  Paisley,  Johnstone,  and  Govan ;  and  from  Port  Glasgow  to 
Greenock  and  Gourock.  As  before  remarked,  the  Vale  of  Clyde 
line,  between  Glasgow  and  Govan,  was,  by  the  Act,  to  be 
constructed  so  as  to  admit  of  railway  vehicles  being  passed  over 
it :  in  fact,  to  carry  loaded  coal  waggons  from  the  Govan  Railway 
Station  to  the  ship-building  yards  on  the  route.  It  was  laid  to 
the  gauge,  4  feet  yi  inches,  which  was  adopted  by  general  consent 
for  the  tramways  of  the  Glasgow  District,  as  already  noticed, 
and  had  been  applied  to  the  Glasgow  Corporation  Tramways. 

The  first  piece  of  the  upper  section  of  the  Vale  of  Clyde  Tram- 
ways— ^from  Park  House  Toll,  Glasgow,  to  Govan — ^was  constructed 
by  the  Corporation  of  Glasgow,  under  Mr.  Hopkins  as  the 
engineer.  The  construction  was  commenced  in  July,  1872,  and 
the  line  was  opened  for  traffic  on  the  i6th  December,  1872.  A 
portion  of  the  lower  section — between  Greenock  and  Gourock — 
\\  miles  in  length,  was  opened  in  July,  1873.  The  remainder  of 
the  lower  section,  3  miles  in  length,  was  constructed  by,  and 
leased  from,  the  Corporation  of  Greenock.  The  lengths  of  line 
now  open  are  as  follows — 

Glasgow  and  Govan   .        .        •    2^  miles  double  line. 
Greenock  and  Gourock        .        •    4i      9>  %% 

Total        •        .        •        •    6j      ,,  ,, 

0  2 
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The  Govan  rail,  Fig.  67,  is  of  steel,  and  weighs  60  pounds 
per  yard.  The  distributioD  of  the  material  in  the  rail  is  less 
effective  for  resisting  vertical  stress  than  in  the  Dublin  rail ;  but 
the  thicker  section  was  specially  adopted  for  the  transport  of  rail- 
way waggons,  besides  providing  a  more  massive  tread;  the  section 
also  provided  greater  thickness  under  the  groove — the  weakest 
point. 

The  rail  is  nominally  4  inches  wide.  It  is,  in  fact,  3  J  inches 
wide  at  the  surface,  widening  downwards  to  4  inches  at  the  edges 
of  the  flanges  to  facilitate  the  manufacture.  The  total  depth  is 
aj  inches.   The  tread,  or  rolling  surface,  is  1 J  inches  wide,  slightly 


FlO.  67.    Vole  of  ayde  Tramwa)-! :— Section  of  RuL    Scale  }. 

rounded,  with  a  rise  of  iV  inch.  The  groove  is  i\  inches  wide, 
with  sloping  sides  and  a  flat  floor,  and  is  only  fi  inch  deep, 
adapted  by  its  wideness  and  shallowness  to  receive  the  flanges  of 
the  wheels  of  railway  waggons,  which,  being  at  least  one  inch  in 
depth,  of  course  take  a  bearing  on  the  floor  of  the  groove.  "  It 
was  rather  a  violent  thing  to  think  of  doing,"  says  Mr,  Hopkins, 
in  his  evidence  before  the  Select  Committee  of  1877,  "but  the 
obligation  was  upon  us,  and  it  was  the  only  way  we  could  possibly- 
hit  upon,  because,  if  we  made  the  groove  Jn  the  rail  wide  enough 
to  receive  the  ordinary  tyre  of  a  railway  carriage,  it  would  be  too 
wide  for  the  ordinary  traffic  of  a  street."  The  ledge  at  the  inner 
side  of  the  rail  is  }  inch  wide  at  the  surface. 
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The  rails  were  rolled  to  a  length  of  24  feet,  with  5  per  cent  of 
the  total  quantity  as  shorter  lengths. 

The  system  of  construction  consisted  of  rails  laid  on  longitu- 
dinal sleepers,  bedded  on  a  foundation  of  concrete  laid  the  whole 
width  of  the  way. 

The  lines  of  way,  where  the  way  is  double,  are  placed  at  a 
dbtance  of  three  feet  apart  between  the  rails.  Including  the 
usual  outside  breadths  of  18  inches  of  pavement,  the  width  of  the 
tramway  is  made  up  as  follows : — 

Ft.      In% 

Two  lines  of  way,  4  feet  7J  inches  gau;5^e  .        .        •      9      3i 

interspace  between  lines 30 

Two  breadths  of  pavement,  18  inches      .        .        .        .30 
Four  widths  of  rolling  surfaces  of  rails,  i\  inches  x  4  =      o      7^ 


Total  width ^5     11 

In  a  single  line  the  total  width  amounts  to  8  feet  0}  inch. 

The  roadway  was  excavated  for  the  full  width  of  the  tramway — 
16  feet  for  a  double  line — to  a  uniform  depth  of  13  inches  below 
the  permanent  surface.  At  junctions  and  crossings,  where  cross- 
sleepers  were  laid,  the  depth  was  increased  to  1 7  inches,  to  make 
room  for  the  sleepers.  At  places  where  the  excavated  bottom  wcs 
not  firm  or  solid,  deeper  excavations  were  made,  and  filled  with 
hard  materials  or  with  concrete.  A  foundation  of  concrete  laid 
with  Portland  cement  was  laid,  6  inches  thick,  in  the  bottom  for 
the  whole  of  the  width.  The  concrete  was  of  the  following  pro- 
portions : — 

Parte. 

Portland  cement        .        .        .        .        i 
Ballast 7 

8 

The  cement  was  to  be  of  the  best  quality,  weighing  at  least 
no  lbs.  per  striked  bushel,  and  of  such  a  fineness  that  40  per 
cent  of  it  would  pass  through  a  hair  sieve  of  50  gauge.  It  was 
to  support  a  tensile  stress  of  200  lbs.  per  square  inch,  one  week 
after  having  been  gauged  neat,  and  kept  immersed  in  water. 
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The  ballast  was  to  be  clean  and  sharp,  in  the  proportion  of 
6  parts  of  gravel,  broken  stone,  or  screened  macadam,  to  2  of 
clean  sharp  sand. 

The  ground  was,  in  dry  weather,  to  be  well  watered  before  the 
concrete  was  filled  in. 

The  longitudinal  sleepers  were  of  best  Memel  timbers,  6  inches 
deep,  4  inches  wide,  sawn  true  and  square,  in  lengths  of  not  less 
than  20  feet,  rebated  to  fit  the  rails.  They  were  laid  on  the  founda- 
tion of  concrete.  On  curves  having  less  than  a  radius  of  200  feet, 
the  sleepers  could  be  of  shorter  lengths,  and  were  sawn  to  suit  the 
curves.  Cross-sleepers  of  the  same  timber,  6  inches  wide  and 
4  inches  deep,  at  least  7  feet  in  length,  were  laid  under  the  longi- 
tudinals to  support  them,  at  intervals  not  exceeding  4  feet  between 
centres,  at  the  points  and  crossings.  A  foundation  of  concrete, 
6  inches  thick,  was  laid  for  the  support  of  the  cross-sleepers.  The 
timber  was  to  be  charged  with  creosote  oil,  having  a  specific 
gravity  not  exceeding  0*95,  to  the  extent  of  10  lbs.  of  oil  per  cubic 
foot  of  timber. 

The  rails  were  so  laid  that  they  extended  to  the  right  and  left 
of  the  joints  of  the  sleepers.  For  curves  of  less  than  200  chains 
radius,  the  rails  were  to  be  bent  to  a  true  curve  by  the  proper 
machine.  Swaging,  or  bending  by  blows,  was  not  permitted.  Be- 
fore the  paving  was  laid,  the  rails  were  straightened  and  surfaced. 
The  rails  and  sleepers  were  forced  together  by  means  of  cramps, 
before  the  fastenings  were  driven.  The  cramps  were  used  for  each 
hole,  and  were  screwed  up  as  near  the  fastenings  as  possible. 

The  longitudinal  sleepers  were  laid  in  pairs,  and  the  ends  were 
cut  true  and  square.  As  in  the  Liverpool  line,  they  were  tied 
together  except  where  cross-sleepers  were  used,  at  every  joint  and 
at  intervals  of  from  4  to  5  feet,  with  wrought-iron  tie-bars,  2  inches 
deep  X  t  ii^cl^  thick,  having  dovetailed  ends,  made  of  best  mer- 
chant iron.  These  were  let  into  dovetailed  grooves,  in  cast-iron 
clip  chairs,  fitted  tightly  upon  the  longitudinal  sleepers,  and  nailed 
to  them  with  {-inch  nails,  2^  inches  long.  The  cross-sleepers 
used  at  the  joints  and  crossings  are  united  to,  and  act  as  ties  for, 
the  longitudinal  sleepers,  by  two  pairs  of  cast-iron  brackets,  each 
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longitudinal  sleeper  being  lodged  between  the  brackets,  and 
fixed  to  them  with  ^-inch  spikes,  3i  inches  long,  chisel-pointed, 
and  round  headed,  four  spikes  for  each  bracket.  The  joints  of 
the  rails  are  supported  by  joint-plates  of  best  merchant  wrought 
iron,  f  inch  thick,  3  inches  wide,  and  8  inches  long,  rounded  at 
the  angles,  and  let  flush  into  the  longitudinal  sleepers. 

The  fastenings  for  the  rails  were  double-kneed  staples,  having 
8  inches  of  total  length,  made  of  iron  f  inch  thick,  and  i  inch 
wide.  The  upper  part,  to  pass  through  holes  in  the  flanges  of  the 
rail,  was  foiged  round  and  chisel-pointed ;  the  lower  part  was 
jagged,  and  was  driven  into  the  sleepers.  Each  rail  of  24  feet  was 
fastened  with  23  staples,  applied  to  each  side  alternately;  two 
pairs  of  them  were  applied  to  the  end  of  each  rail. 

The  staples  and  the  other  fastenings  employed  in  the  chairs, 
brackets,  points,  &c.,  were  made  of  Lowmoor  iron. 

After  the  rails  and  the  sleepers  were  secured  to  each  other,  they 
were  raised  to  the  proper  level  by  means  of  folding  wedges,  and 
were  truly  surfaced  and  straightened.  They  were  closely  and  com- 
pletely packed  with  concrete  underneath,  over  the  whole  surface. 
The  concrete  was  finer  and  stronger  than  that  which  was  employed 
for  the  formation,  and  was  of  the  following  composition : — 

Parts. 

Portland  cement        .        .        .        .        i 
Clean  coarse  sand     ....        4 


The  points  and  crossings  were  of  cast  iron,  of  which  the 
whole  of  the  upper  surfaces  were  chilled  to  a  depth  of  at  least 
f  inch.     Movable  tongues  were  of  cast  steel. 

The  whole  of  the  spaces  between  the  rails,  with  the  18-inch 
breadths  at  the  outer  sides,  were  paved  with  the  best  whinstone 
causeway  sets,  from  3}^  inches  to  4  inches  wide,  and  6  inches  deep, 
laid  on  a  bed  ot  good  clean  sharp  sand,  i  inch  thick.  All  the  sets 
were  to  be  dressed  true  and  square  and  free  from  cracks,  chips, 
round  or  broken  angles,  or  hollows  on  the  sides.  The  paving  was 
laid  in  straight  parallel  courses  across  the  way,  bordered  at  each 
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side  by  a  longitudinal  course  of  sets  3  inches  wide,  upon  which  the 
macadam  of  the  common  roadway  abutted.  Where  the  stones 
came  in  contact  with  the  chairs  and  the  brackets,  they  were  to  be 
carefully  cut  with  a  chisel  by  a  mason  to  fit  the  work — not  to  be 
broken  with  a  hammer. 

The  sides  of  the  roads  next  the  tramways  were  made  up  with 
broken  granite  or  whinstone.  The  paying  was  well  rammed,  and 
the  joints  were  partly  filled  with  coarse  dry  gravel,  run  with  best 
British  asphalte,  and  covered  with  sand.  The  upper  surface  of  the 
paving  finished  flush  with  the  surface  of  the  rails. 


[chapters    XII.  TO  XIV,  DEAL  WITH  VARIOUS  WAYS 
HAVING  WOOD  SUBSTRUCTURE.] 


CHAPTER  XII. 

BELOrS  SYSTEM.— SOUTHPORT  TRAMWAYS.— 

WIRRAL  TRAMWAYS. 

The  Southport  Tramways,  opened  in  1873,  of  which  Mr.  Charles 
H.  Beloe  was  engineer,  consist  of  a  single  line  4  miles  in  length, 
laid  with  flanged  or  box  iron  rails,  fastened  to  longitudinal  sleepers 
laid  on  transverse  sleepers  in  concrete,  to  a  gauge  of  4  feet  8J- 
inches.  The  ground  was  excavated  for  a  width  of  8  feet,  to  a  depth 
of  12^^  inches  below  the  surface  of  the  roadway.  A  foundation  of 
concrete,  3  inches  thick,  was  laid  over  the  whole  of  the  bottom. 
The  concrete  was  composed  as  follows : — 

Measures. 

Broken  stone .3 

Coarse  sand,  or  fine  gravel     .        .        .        .        i 
Blue  lias  lime i 


Upon  this  base,  cross-sleepers  of  pitch  pine,  6  inches  wide  and 
3  inches  deep,  were  laid  at  intervals  of  6  feet  between  centres. 
Longitudinal  sleepers  of  the  same  timber,  3  inches  wide  and 
6  mches  deep,  were  laid  upon  and  let  i  inch  into  the  cross-sleepers, 
to  which  they  were  secured  with  four  staples  at  each  intersection. 


ptI*"H 
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At  the  joints  of  the  longitudinal  sleepers,  cast-iron  brackets  are 
employed  to  fasten  them  by  spikes  to  the  cross-sleepers. 

SouTHPORT  Tramways  :— Quantities  and  Costs  for  one 

Mile,  Single  Way,  1873. 

j^     I.     d.     i^     s.     d. 

Excavation,  8  feet  wide : — 
Macadam,  3  inches  deep,  4,693}  square  yards 

%  2id 48  17    8} 

Below  foundation  of  roads,  9}  inches  deep, 

1,238  cubic  yards  @  is.         .        .        .        .    61  18    o 
Bottom  of  excavation  levelled,  4,693  square 

yards  @  Jd 9  i5    6} 

120  II     3 

Concrete,  8  inches  deep  (1^043  cubic  yards), 

deduct  for  sleepers,  52    cubic   yards,  991 

cubic  yards  @  is 445  19    o 

Timber : — 
Longitudinal  sleepers,  pitch  pine,  6  inches  x 
3  inches,  21  feet  lengths,  10,560  lineal  feet 

@  5d 220    o    o 

Cross-sleepers,  notched,  at  6  feet  intervals,  7 
feet  long  x  880  =  6^160  lineal  feet  @  sd.       .  128    6    8 

348    6    8 

Iron  rails,  21  feet  long,  1,760  x  2  =  3,520 yards, 
at  40  lbs.  per  yard^say  63  tons  ®;^i3*        .  81900 

Staples : — 
Short,  4  at  every  joint,  2,008  @  4  oz.,  4}  ci¥t. 

®  24s 580 

Long,  4  at  every 

joint        •        .  2,008 
Long,  4  at  every 

yard  of  way     •  7,040 

9,048  @  4^  oz.,  23  cwt.  ®  24s.    27  12    o 
Twisted,  4  at  every  cross-sleeper,  except  at 
longitudinal  joints, — 880  cross-sleepers,  less 
251  joints,  629  x  4  =  2,516  @  5  oz.,  7  cwt. 
®  24s 880 

41     8    o 

Carried  forward     .       .    jf  1,775    4  11 
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SOUTHPORT  Tramways  {continued). 

Brought  forward 

Brackets,  double,  2  at  each  longitudinal  joint ; 

502  joints  X  2  =  1,004  @  5  lbs.  6  ozs.,  48 J 

cwt.  @  14s.      •...>•• 

Oak  trenails,  6  to  each  longitudinal  joint,  502 

joints  X  6  =  3,012  @  £6  per  1,000 
Fish-plates,  502  @  5*86  lbs.,  26 J  cwt.  @  13s.     . 


£    8.    d. 
i>775    4  " 


33  15  8 

18    o  o 

17    I  3 

1,844    I  ^^ 


Excavation  and  Materials  for  Tramway. 


Paving,  4,400  square  yards : — 
Granite  sets  @  6s.  2d.  per  sq.  yd.  \ 
Paving  @  4d.  per  sq.  yd.  .  I 
Grout  @  6d.  per  sq.  yd.  .  .  t 
Sand  @  ^.  per  sq.  yd.  .  .  ) 
Making  good  between  new  and  old  pavement, 

1,760  lineal  yards  @  6d. 
Labour,  laying  tramway,  1,760  lineal  yards  ® 

IS.  lod 161    6    8 

Labour,  cutting  beds  for  fish-plates,  502  beds 

<94d 


■  y  4,400  sq.  yds.  @  7s.  ojd.    i  ,544  11     8 


44    0    o 


874 


Carting: — 

Rails  and  fish-plates 
Brackets  . 
Staples  . 
Trenails  . 
Timber  . 
Granite  sets 


Tons.  Cwt. 

64  61 

2  8i 

I  15 

o  I 

38  5 

782  o 


Total  weight,  say  889  tons  @  is.  6d 
Watching,  lighting,  and  contingencies    . 


Total  cost 


Credit  :— 
Old  materials   • 


Net  cost 

Say  ;f3,730  per  mile. 


169  14    o 


66  13  6 

say  100    o  o 

3,769    I  o 

say    41    o  o 

3,728    I  o 
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The  rails,  weighing  40  lbs.  per  yard,  are  3  inches  wide,  and 
i\  inches  thick;  and,  with  the  side-flanges,  are  2 J  inches  deep. 
The  width  was  limited  to  3  inches,  as  it  was  thought  that  a  rail  of 
this  width  would  offer  less  interference  with  ordinary  traffic  than  a 
rail  of  the  usual  width,  4  inches ;  besides,  it  costs  less  in  first  outlay. 
The  rails  are  secured  to  the  longitudinals  by  staples,  at  intervals 
of  3  feet  on  each  side  of  the  rails.  The  joints  are  secured  by  two 
pairs  of  staples,  at  the  end  of  each  rail.  A  wrought-iron  fish- 
plate, 15  inches  by  2  J  inches,  and  >  inch  thick,  is  placed  at  the 
joints. 

After  the  rails  and  sleepers  were  adjusted  to  the  street  levels, 
the  space  around  the  cross-sleepers,  and  for  2  inches  above  them, 
was  filled  with  concrete,  which  was  brought  to  a  level  \^  inches 
below  the  surface  level.  The  cross-sleepers  thus  became  enveloped 
in  a  mass  of  concrete,  8  inches  deep.  Upon  a  J-inch  bed  of  sand, 
4-inch  cubical  sets  were  laid,  as  pavement,  and  grouted. 

The  Wirral  Tramway  (Birkenhead,  Tranmere,  Rock  Ferry,  and 
New  Ferry)  is  a  single  line,  3  miles  in  length,  including  sidings. 
It  was  constructed  to  the  designs  of  Mr.  Beloe,  as  engineer,  and 
was  opened  in  1877.  In  the  design  of  this  line,  4  feet  8i  inches  in 
gauge,  the  engineer  materially  simplified  the  construction  compared 
with  that  of  the  Southport  line.  The  rails  are  box  rails,  laid  on 
longitudinal  sleepers  bedded  in  concrete,  and  connected  by  tie-bars. 
In  the  choice  of  this  system  of  construction,  in  which  tie-bars 
were  substituted  for  cross-sleef>ers,  the  engineer  was  influenced  by 
a  desire  to  leave  the  already  existing  foundation  undisturbed. 
The  foundation  consisted  of  a  stratum  of  rock-pitching,  or  rough 
stones,  laid  in  by  hand,  10  inches  in  depth,  and  if  cross-sleepers 
had  been  laid,  the  pitching  would  have  been  broken  into  to  such 
an  extent  as  to  have  seriously  weakened  the  foundation.  But, 
though  the  cost  was  considerably  reduced  by  the  use  of  tie-bars 
instead  of  cross-sleepers,  the  engineer  has  regretted  that  he  did 
not  take  out  the  old  pitching,  and  lay  a  foundation  of  concrete  for 
the  whole  width  of  the  tramway.* 

*  Proceedings  of  the  Institution  of  Civil  Engineers^  vol.  1., 
page  41. 
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d.     £     s.     d. 


118    O    O 


WlR-RAL  TKAMWAY  :— QUANTITIES    AND    COSTS  FOR  ONE  MiLE, 

Single  Way,  1877. 

Excavation,  8  feet  wide : — 
^^a.oadam,  3  inches  deep,  4,693  square  yards 

®  6d 

Below  foundations  of  roads,  668  cubic  yards 

@  4s 

Xjevelling  bottom,  4,693  square  yards  @  id. 

Ooncrete,  440  cubic  yards  ©93. 
"Pimber,  2^000  cubic  feet  @  2s.  6d.    . 
Iron  rails  @  52  lbs.  per  yard,  84  tons  6  cwt.  @ 
£^  los. 

Staples,  15  cwt.  @  £1  2s.  6d.    . 

Ohairs,  4  tons  16  cwt.  ^  £t 

Fish-plates,  i  ton  1 1  cwt.  @  £() 

Tie-rods,  5  tons  2  cwt.  ©;£■  1 4  . 


134    0    0 

20      0      0 

0 

0 

272 

198 

0 

0 

250 

0 

0 

7^7 

0 

0 

17 

0 

0 

29 

0 

0 

H 

0 

0 

71 

0 

0 

1,568 

0 

0 

Excavation  and  Materials  for  Tramways. 

Paving : — 
Granite  sets,  759  tons  @  £1  8s.  6d.      .        .  1,082    o    o 
Laying,  grout  and  sand,  4,300  square  yards 


^at  XB».  wju.  .......      j/A 

-    .       m     T    1  r  ,1 

0 
0 
0 

r\ 

Making  good  between  old  and  new  pavement, 
1,760  lineal  yards  ®  5d 

T*abour^  laying  tramway,  1,760  lineal  yards 
@  2s.  6d 

1,454 
37 

220 

0 

0 

Carting : — 

'I  ons.  Cwt. 

Rails  and  fish-plates         .        .        .        85  17 

Chairs 4  16 

Staples 15 

Tie-rods 52 

Timber 30  12 

Granite  sets 759    0 

Total  weight,  say  886  tons  @  2s. 

89 

0 

0 

Total 

;^3.368 

0 

0 
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The  rails  are  of  steel,  and  arc  wider  and  heavier  than  the 
Southport  rails;  they  are  4  inches  wide,  weight  52  lbs,  per  yard, 
and  are  rolled  to  lengths  of  21  feet  They  are  if  inches  thick, 
with  side  flanges  iJ-inch  deep,  making  the  total  depth  2-1V  inches. 
In  improving  upon  the  Southport  rail,  Mr.  Beloe  observed  that 
the  latter  was  not  possessed  of  sufficient  stiffness.  The  rails  are 
bedded  on  longitudinal  sleepers,  4  inches  wide  and  6  inches  deep, 
and  are  fastened  to  them  by  wrought-iron  side  staples,  ten  to  each 
rail,  6  feet  apart  at  each  side,  except  near  the  joints  of  the  rails, 
where  they  are  closer  to  each  other. 

The  ends  of  the  sleepers  are  lodged  in  cast-iron  chairs,  9  inches 
long,  tied  together  transversely  by  two  J-inch  tie-rods,  which  take 
a  bearing  by  collars  on  the  inner  sides  of  the  chairs,  and  pass 
through  the  chairs  and  the  sleepers,  and  are  fastened  by  nuts 
outside.  The  sleepers  are  likewise  tied  by  three  intermediate 
tie-rods  passed  through  and  screwed  up  outside. 

The  ground  was  excavated  to  a  uniform  depth  of  7  J-  inches 
below  the  permanent  surface ;  two  longitudinal  trenches  in  addi- 
tion, 12  inches  wide  and  3  inches  deep,  were  excavated  under 
the  sleepers,  where  the  total  depth  amounted  to  about  loj^  inches. 
When  the  rails  and  sleepers  were  adjusted  in  their  places,  the 
whole  of  the  bottom  of  the  excavation,  as  well  as  the  trenches 
under  the  sleepers,  were  filled  with  concrete  to  a  height  of 
3  inches  above  the  bottom,  thus  embedding  the  sleepers  to  a  depth 
of  3  inches,  and  leaving  4 J  inches  for  paving.  The  paving  con- 
sists of  4-inch  cubes  bedded  on  a  4-inch  layer  of  sand. 


CHAPTER  XIII. 

MACKIESON'S  SYSTEM.— DUNDEE  STREET 

TRAMWAYS. 

The  Commissioners  of  Police  of  Dundee  contracted  in  April, 
1877,  for  the  construction  of  2,346  yards,  or  i  J  miles,  of  tramway, 
double  line,  to  the  design  of  their  engineer,  Mr.  W.  Mackieson, 
"which  was  completed  in  July,  1877.  The  Hne  passes  between 
Dalhousie  Terrace  and  the  General  Post  Office,  along  Perth  Road, 
Nethergate,  Reform  Street,  and  into  Euclid  Crescent. 

According  to  the  system  of  construction,  which  is  similar  to  Mr. 
Hopkins'  plan  of  1873,  flanged  rails  are  laid  on  longitudinal  beams 
or  sleepers,  which  rest  on  a  bed  of  concrete,  and  they  are  set  to 
gauge  by  transverse  tie-rods,  dovetailed  into  cast-iron  chairs. 
The  surface  is  paved.  Two  sections  of  rails  and  sleepers  are 
employed,  smaller  and  larger,  of  which  the  lighter  section  is  laid 
in  the  contracts — comprising  a  length  of  1,562  yards — between 
Dalhousie  Terrace  and  South  Tay  Street,  and  the  heavier  scantling 
is  laid  thence  to  the  Post  Office — a  length  of  784  yards — the  busiest 
part  of  the  route. 

The  lines  are  laid  to  a  gauge  of  4  feet  SJ  inches,  with  a  clear 
interspace  of  4  feet  between  the  rails.  The  rolling  surfaces  of  the 
rails  are,  for  the  larger  scantling,  \\  inches  wide ;  and  the  paving 
is  laid  outside  the  lines  for  a  width  of  18  inches  at  each  side.  The 
total  width  for  the  double  line  of  way  is  17  feet  \  inch,  thus : — 

Two  lines,  4  feet  8^  inches  gauge       ..... 

1  interspace 

2  breadths,  of  18  inches 

4  lolllDg  surfaces  (i  J  inch  x  4)         •       .        .       .       . 

17     oi 


Ft. 

Ins. 

9 

5 

4 

0 

3 

0 

0 

7i 
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The  gradients  of  the  lines  are  as  follows,  commencing  at  the 
Post  Office :— 


. 

Yards. 

Yards 

I  in  loo 

for 

a  length 

of   68 

I  in  133 

for 

a  length 

of   65 

I  .»  451 

167 

I  M    47 

98 

I  ,,  100 

200 

1  M     77 

^1 

I  „  210 

234 

I  ,»  133 

88 

I  M    50 

67 

I  ..    34 

166 

I  M    36 

48 

i»     50 

131 

I  „    31 

228 

I  „  121 

263 

I  M    47 
I  „  "7 

99 
132 

I  „  250 

126 

1  M  674 

99 

2,346 

The  gradients  do  not  all  fall  the  same  way.  There  is  a 
diflfeience  of  level  of  76  feet  between  the  two  extremities  of  the 
tramway — the  Post  Office  being  at  the  lower  end. 

The  roadway  was  excavated,  for  the  way  of  60-pound  rails,  for 
a  uniform  depth  of  about  14  inches — exactly  13}  inches — ^below  the 
permanent  level  of  the  road,  for  the  whole  width  of  the  tramway. 
The  bottom  was  cleared  of  soft  or  otherwise  unsuitable  material, 
and  levelled  and  beaten  so  as  to  secure  a  solid  and  uniform  bottom. 
Upon  the  bottom  was  laid,  for  the  whole  width,  a  foundation  of 
concrete,  6  inches  thick,  well  pounded  with  a  heavy  beater.  The 
composition  of  the  concrete  was  as  follows  : — 

Measures. 

Whinstone  metal  to  a  2 -inch  gauge,  screened  with  a  J-inch 

sieve 2 

Gravel,  crushed  whinstone,  or  broken  bricks,  to  a  i-inch 

gauge 2 

Clean,  sharp  river  sand 2 

Portland  cement i 


To  support  the  longitudinal  sleepers  strips  of  cement  mortar, 
composed  of  two  parts  of  sand  and  one  part  of  Portland  cement, 
are  laid  on  the  concrete,  i  inch  thick  and  7  inches  wide,  increased 
to  9  inches  wide  at  the  chairs. 

The  longitudinal  sleepers  are  of  red  wood,  from  Riga,  Memel, 
or  St  Petersburg,  4  inches  wide,  5  inches  deep,  rebated  for  the 
60-pound  rail ;  and  3^  inches  by  5^  inches  for  the  34-pound  rail. 


DUNDEE  STREET  TRAMWAYS,  209 

They  are  at  least  21  feet  in  length  for  the  straight  parts ;  and  bent 
or  sawn  to  curves,  in  lengths  of  from  12  feet  to  18  feet.  The 
whole  of  the  timber  is  creosoted  to  the  extent  of  10  pounds  of 
creosote  per  cubic  foot.  The  ends  of  the  sleepers  are  square- 
jointed,  and  rest  on  cast-iron  chairs,  6  inches  long,  placed  at  inter- 
vals of  from  4  feet  to  5  feet.  The  chairs  are  nailed  to  the  sleepers 
with  |-inch  chair  nails,  2  J-  inches  long,  having  chisel  points  and 
cup  heads.  Transverse  tie-rods  of  wrought  iron,  2  inches  by  J  inch 
thick,  are  dovetaihd  into  the  chairs. 

The  rails  are  of  wrought  iron ;  the  ligliter  and  heavier  rails 
weigh  respectively  34  lbs.  and  60  lbs.  per  yard.  They  are  rolled  in 
lengths  of  2 1  feet,  except  5  per  cent,  of  the  total  number,  which 
may  be  of  shorter  lengths,  but  not  less  than  1 2  feet  long.  The 
60-lb.  rails  have  a  width  of  4  inches  and  a  thickness  of  if  inches ; 
they  are  2|  inches  deep  over  the  flanges,  these  being  if  inches 
deep,  and  averaging  f  inch  thick.  The  groove  is  i  iV  inches  wide 
and  f  inch  deep,  made  with  a  flat  floor,  similarly  to  the  Vale  of 
Clyde  and  the  Glasgow  rails.  The  rolling  surface  of  the  rail  is 
li  inches  wide ;  the  outer  flange  is  +^  inch  wide,  and  comigated 
at  the  upper  surfaces.  The  34-lb.  rail  is  3^-  inches-wide,  and  i  inch 
thick  :  the  groove  is  J  inch  deep,  and  the  thickness  of  metal  under 
the  groove  is  f  inch.  The  total  depth  of  the  rail  is  liJ  inches. 
The  rails  are  fixed  to  the  sleepers  by  side  fastenings  or  staples  of 
Lowmoor  iron,  as  shown,  of  which  there  are  2 1  for  each  2 1  feet  rail. 

The  points  and  crossings  are  of  chilled  cast  iron,  2  inches  thick, 
corrugated  in  correspondence  with  the  rail. 

The  new  pavement  consists  of  Pitrodi*^  whinstone  sets,  from 
3  inches  to  4  inches  thick,  7  inches  deep,  and  from  6  inches  to 
II  inches  in  length,  with  a  granite  margin  averaging  6  inches  wide, 
on  each  side  of  the  rails,  for  the  entire  length  of  the  tramway.  Old 
paving  sets,  when  re-dressed,  were  not  to  exceed  4 J-  inches  in 
thickness,  and  were  not  to  be  less  than  6  J  inches  in  depth.  The 
pavement  was  set  on  a  2 -inch  bed  of  coarse  Earn  sand,  and  laid 
"  hard  to  hard  " ;  it  stands,  as  finished,  \  inch  above  the  level  ot 
the  rails,  leaving  a  residual  thickness  of  \  inch  of  sand.  The 
finished  surface  slopes  on  each  side  of  the  centre  line  of  the 
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tramway  at  the  rate  of  at  least  \  inch  per  foot  horizontally.  The 
pavement  is  grouted  with  a  composition  of  i  part  of  ground 
Charleston  lime,  slaked,  and  2  parts  of  sharp  sand;  and  the 
surface  is  blinded  with  a  layer  of  coarse  river  sand. 

The  works  were  maintained  by  the  contractor  for  ti^'elve  months 
after  being  opened  for  traffic ;  except  the  rails,  which  were  main- 
tained good  for  two  years. 

Payments  were  made  monthly  on  the  work  done,  10  per  cent- 
being  reserved  as  security,  i^ths  of  which  was  paid  at  the  end  oi 
twelve  months,  and  i\-ths  two  years  after  completion. 

The  works  were  constructed  according  to  the  annexed  schedule 
of  prices : — 

Dundee  Street  Tramways.    Schedule  of  Prices,  1887. 


Liftinf;^  and  laying  aside  road  metal,  in- 
cluding sets  in  crossings 

Lifting,  laying  aside,  and  redressin^^  old 
sets 

Excavation  deposited  in  the  pool  at  Mag- 
dalen Green,  including  dressing  surface 
for  concrete      • 

Portland  cement  concrete,  6  inches  thick 

Ditto  mortar,  i  inch  thick  .... 

Longitudinal  sleepers  of  red  wood  (Baltic) 
4  inches  by  5  inches  in  21 -foot  lengths, 
checked  for  rails,  fish-plates,  nuts  and 
chairs,  charged  with  creosote  and  bed- 
ded— one  sleeper 

Ditto  in  lengths  of  from  18  feet  to  12  feet, 
6x5  inches,  cut  to  radius,  and  pre- 
pared as  above 

Cast-iron  chairs,  weighing  11  lbs.  each, 
bedded    •        .        .        .        . 

Wrought-iron  fish-plates,  2*3  lbs.  each, 
punched  for  bolts 

Wrought-iron  tie  rods,  11*2  lbs.  each 

Wrought-iron  staples  for  side  fastening     . 

Iron  rails,  60  lbs.  per  yard,  punched  for 
side  fastenings,  secured  to  sleepers 
(;^9  16s.  per  ton) 


d. 


o    o    6  per  square  yard. 


>f 


o 
I 
o 


2 
2 
I 


6  per  cubic  yard. 

6 

o  per  square  yard. 


016  per  lineal  yard. 


020 


>» 


070      per  cwt. 


o 
o 
0 


12 
12 

17 


6 
6 
6 


»> 


»> 


i» 


053  per  lineal  yard. 
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Dundee  Street  Tramways  {continued). 


Iron  rails,  34  lbs.  per  yard,  prepared  as 
above  {£12  7s.  per  ton) 

Iron  rails  at  crossings  and  curves,  bent  to 
the  required  radii  all  together 

Cast-iron  points  and  crossings,  secured  to 
sleepers,  including  patterns    • 

Paving  with  whinstone  sets,  from  Pitrodie 
quarry,  bedded  on  sand 

Ditto  with  redressed  sets,  bedded  on  sand 

Grouting  joints  of  pavement 

Blinding  pavement  with  sand    . 

Adjusting  and  reinstating  macadamised 
roads  and  crossings,  alongside  the  tram- 
ways, between  paved  margins  and  chan- 
nels, with  the  old  materials     . 

Maintenance  of  work  for  twelve  months  for 
each  of  the  three  sections 


039  per  lineal  yard. 


o    5 


99 


I  10    o      per  cwt. 


o 
o 
o 
o 


9    o  per  square  yard. 


I 
o 
o 


o 
6 
I 


i> 


»» 


ti 


002  per  lineal  yard. 


20    o    o 


If 


Cost  for  100  Yards,  Single  Line, 

WITH  6c 

i  LB. 

Rail,  1877. 

Woik  and  materials. 

1 

Quantities. 

• 

Rates 

m 

Amounts. 

Square  yds. 

£ 

s. 

d. 

£ 

t.     d. 

lifting  and  laying  aside  road 

meUd 

283 

0 

0 

6 

7 

I    6 

. 

Cubic  yds. 

w 

Excavation  in  road  metal 

87 

0 

2 

6 

10 

17    6 

Concrete        .... 

47 

Square  yds. 

I 

2 

6 

52 

17    6 

Cement  mortar 

34 

Lineal  yds. 

0 

I 

0 

I 

14        0 

Longitudinal  sleepers 

200 
Cwts. 

0 

I 

6 

15 

0       0 

Cast-iron  chairs     . 

13 

0 

7 

0 

4 

II        0 

Tie-rods         .... 

6-6 

0 

12 

6 

4 

2      6 

Staples 

2 

0 

17 

6 

I 

IS    0 

Chair  nails    .... 

Yards. 

0 

17 

6 

0 

2  II 

Rails,  60  lbs.  per  yard  . 

200 
Cwts. 

0 

5 

3 

52 

10    0 

Fishplates    .... 

0-6 

Square  yds. 

0 

12 

6 

0 

7    6 

Whinstone  sets      . 

161 

0 

9 

0 

72 

9    0 

Granite  sets  (margins)  . 

ICO 

0 

13 

0 

65 

0    0 

P  2 
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The  cost  of  the  way,  exclusive  of  pavement,  amounted  to 
;£i5i  for  100  yards,  equivalent  to  ^i  los.  2jd.  per  lineal  yard  of 
single  line,  or  to  £,2fiiZ  per  lineal  mile.  The  cost  for  paving  was 
;£i  7s.  6d.  per  lineal  yard,  or  ;^2,42o  per  mile.  For  way  and  paving 
together,  the  cost  is  ;;^5,o78  per  mile,  single  line,  or  ;;^io,i56  per 
mile,  double  line.  But,  with  certain  compensations,  together  with 
the  using  up  of  such  old  paving  stones  as  were  serviceable,  the 
total  cost  was  expected  not  to  exceed  ^13,300  for  li  miles  of 
double  way,  being  at  the  rate  of  ^£^9,9  7  5  per  mile. 

Besides  the  lines  above  noticed,  new  lines  have  been  constructed 
and  opened.  The  line  between  Dundee  and  Lochee,  consisting 
of  I  mile  1,140  yards  of  double  line,  and  i  mile  5  yards  of 
single  line,  making  together  about  2}  miles,  was  constructed  on 
Gowans*  system,  and  completed  in  December,  1879.     The  line 


7v 


-ir'-ir— ^(— li^ni^^ 


Figs.  68  and  69.    Mackieson's  Way,  Dundee. — Sleeper.    Scale  -ix, 

from  the  Post  Office  to  Stobswell,  with  a  branch  to  Baxter  Park, 
consisting  of  1,304  yards  of  double  line,  and  1,614  yards  of  single 
line,  together  about  i  J  miles,  was  completed  in  June,  1880.  The 
Stobswell  line  was  constructed  with  solid  rolled  girder  rails,  and 
the  branch  to  Baxter  Park,  comprising  847  yards  as  single  line, 
-was  constructed  on  Mr.  William  Mackieson's  system. 

The  rails,  formed  with  a  lower  dovetail  web,  rest  upon  and  are 
keyed  down  to  long  cast-iron  sleepers,  like  open  framing,  com- 
prising upper  and  lower  horizontal  members  connected  by  upright 
standards  at  intervals. 

The  cast-iron  sleepers,  Figs.  68  and  69,  are  of  great  length — 3  feet 
1 1  inches.  They  are  laid  in  line  under  each  rail,  i  inch  apart. 
They  stand  6  inches  high,  and  are  made  with  shallow  ribs  on  the 
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underside  to  give  lateral  hold  on  the  substratum.  Each  sleeper  is 
made  with  four  standards,  placed  at  12  inches  apart,  between 
centres,  to  support  the  rail  bed,  forming  substantially  an  open 
girder,  on  which  the  rail  is  laid.  The  sole  is  ii^  inches  wide,  and 
is  generally  }  inch  thick,  made  with  openings  in  the  space  between 
the  standards;  the  rail  bed  is  3  inches  wide  and  \\  inches  deep, 
and  the  standards  are  3  inches  by  i  inch  thick  in  section. 

The  rails.  Fig*  71,  weighing  36  lbs.  per  yard,  are  3  inches  wide, 
comprising  the  tread,  \\  inches  wide,  the  groove  i-,V  inches  wide 
at  the  surface,  and  the  guard  flange,  -xV  inch  wide.  The  rail  is  i-jV 
inches  deep  above  the  sleeper,  and  its  total  depth,  comprising 
the  lower  web  or  dovetail,  is  2^-  inches.  It  is  keyed  to  the 
sleeper  by  wrought-iron  keys,  which  are  4  inches  long  by  i  J  inches 
deep,  and  average  |  inch  in  thickness.     These  are  tapered  in 


Fig.  70.  Mackieson's  Way,  Dundee. 
— Section  of  Sleeper.    Scale  \. 


Fig.  71.  Mackieson's  Way,  Dundee. 
— Section  of  Rail.    Scale  J. 


thickness,  and  are  driven  into  place  horizontally,  being  introduced 
through  long  slots  cut  through  the  floor  of  the  working  groove  of 
the  rail.  With  this  mode  of  fastening,  the  rails  can  be  lifted  when 
required,  without  causing  any  disturbance  of  the  sleepers  or  the 
paving.  The  unoccupied  portions  of  the  slots  are  filled  with 
elastic  British  bitumen.  The  rails  were  rolled  in  lengths  of  20  feet, 
24  feet,  and  28  feet. 

A  foundation  of  concrete,  in  a  layer  6  inches  deep,  is  laid  for 
the  whole  width  6f  the  way,  and  the  outer  paving  pertaining  to  it 
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The  sleepers  are  bedded  in  this  layer,  so  that  the  soles  become 
flush  with  the  upper  surface.  The  concrete  is  composed  of  4  parts 
of  whinstone  metal,  to  a  2-inch  ring-gauge,  2  parts  of  sharp  sand, 
and  I  part  of  Portland  cement  weighing  112  lbs.  per  bushel    The 
open  spaces  in  the  sleepers,  under  the  rail  bed,  are  packed  with 
fine  cement,  composed  of  i  part  of  Portland  cement,  2  parts   of 
sand,  and  2  parts  of  metal  broken  to  a  i-inch  ring  gauge.     On 
this  bed  a  layer  of  coarse  Earn  sand,  from  \  inch  to  i  inch  thick, 
is  laid,  to  receive  the  paving  sets,  which  are  of  whinstone,  6  inches 
deep.     The  sets  next  the  rails  are  laid  hard  against  them,  bedded 
on  a  layer  of  Portland  cement  and  sand,  in  the  proportion  of  i  to 
2.     The  paving  is  grouted  with  pitch-bitumen,  manufactured  from 
pitch,  coal  tar,  and  creosote  oil,  in  the  proportion  of  80  gallons  ot 
tar  and  20  gallons  of  creosote  to  i  ton  of  pitch. 

Quantities  and  Costs  per  Mile,  Single  Line,  of  Mackieson*s 
System— Dundee  Street  Tramways,  1880. 

j^     s.     d.  ^      s.       d. 

Steel  rails,  36  lbs.  per  yard,  56J  tons      .  ®  9  10    o  536  15  o 

Wrought-iron  keys,  19J  cwt.  .         .        .,,160  25    7  o 

Cast-iron  sleepers,  141 J  tons  .        .        .,,700  990  10  o 
Lifting  and  carting  away  macadam,  522 

cubic  yards ,,014  34  16  o 

Excavation,  &c.,  1,108  cubic  yards         .,,017  87  14  4 

Concrete,  6  inches  thick,  782  cubic  yards  ,,  o  14    6  566  19  o 

Laying  tramway,  1,760  lineal  yards         .  ,,  o    2    2  190  13  4 

Royalty,  jf  75  per  mile 75    o  o 

Total  for  the  way £,^^So^  14    8 


jC    >•    d.  £  8.  d. 

Paving,  &c.,  2,836  square  yards     •        •  @  o    6  10  968  19  4 
Ditto  on  cement  and  sand  next  rails, 

1,564  square  yards       .        .        .        .,,070  547  8  o 

Bitumen,  &c.,  4,400  square  yards   .        .,,013  275  o  o 

Total  for  paving ;f  i»79i  7  4 

Total  for  way  and  paving  ....  jf  49299  2  o 


CHAPTER  XIV. 


MACRAE'S  SYSTEM.— EDINBURGH  STREET 

TRAMWAYS, 

The  Edinburgh  Street  Tramways,  of  which  Mr.  John  Macrae  was 
the  first  engineer,  were  constructed  in  187 1 — 75,  on  the  system  of 
the  flat  groove  rail,  laid  on  longitudinal  sleepers,  on  a  bed  of 
concrete.  The  several  sections  of  the  line  were  opened  at  'v  arious 
dates  from  187 1 — 75,  as  follows : — 


Opened. 

Section. 

Double  line. 

Single  line. 

Total  length 
of  streets. 

Oct.,  187 1 
Apr.,  1872 

Hayrnarket  and  Leith 
Powburn    and    New- 

miles  yards 
3       I»200 

miles  yards 

0       320 

miles  yards 

3    i»52o 

Nov.,  1872 

ington    . 
Morningside    and 

I 

1,630 

•    •                      •    • 

I      1,630 

Dec,  1873 

Grange  . 
Newhaven  Branch 

3 
0 

880 
350 

•    •                       •    • 

0    1,270 

3       8S0 
0    1,620 

May,  1875 

Portobello  line  . 

0 

770 

2      1,590 

3       boo 

— 
9 

1,310 

3     i»420 

*3       970 

The  gauge  of  the  way  is  4  feet  8i  inches.  The  way  is  Uid  in 
the  middle  of  the  street  For  double  lines  of  way  the  lines  are 
9  feet  apart  between  centres,  and  the  total  width  is  17  feet,  contri- 
buted thus  :— 


For  a  double  line : — 

Distance  apart  of  centre  lines  of  ways 
Two  half- widths  of  gauge  .        • 
Two  rolling  widths  of  rail  (1}  x  2  =) 
Two  breadths  of  18  inches  of  paving . 


Ft.  Ins. 

9    o 
4    8i 
o    3* 
3    o 
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For  a  single  line  :  — 

Width  of  gauge 

Two  half- widths  of  rail 

Two  breadths  of  i8  inches  of  paving . 


Ft.  In. 

4  8* 

o  3i 

3  o 

8  o 


The  gradients  of  the  Edinburgh  Street  Tramways  are  unusually- 
severe.  The  gradients  on  Leith  Walk,  which  is  the  worst  section^ 
are  as  follows,  commencing  at  the  head  of  the  incline,  on  the  level 
of  Prince's  Street : — 


Gradient. 

Lmg^h  in  yards* 

I  in  22 

.        165 

I    M    14 

•        43 

I  M  50 

151 

I  ,,  24 

•    m 

I    „   20 

no 

I    ,»    24 

•     71 

I    ,,    23 

54 

I    ,,   29 

166 

I  »  35 

272 

I  „  42 

100 

I  ,,  52 

■      244 

I  M  43 

218 

I  „  38 

139 

Average 


I  in  32         Total  length     .   1,870  yards, 

or  I  mile  no  yards. 


The  radius  of  the  curve  on  the  incline  at  the  head  of  Leitb 
Walk  is  47  feet  8  inches,  measured  to  the  innermost  rail. 

The  incline  on  the  North  Bridge  is  i  in  17  for  a  length  of  184 
yards. 

The  average  inclination  on  the  Portobello  Road  is  i  in  30  for 
1,500  yards.    The  steepest  incline  is  i  in  24  for  200  3rards. 

The  following  are  particulars  of  construction  and  cost  of  works 
recently  constructed  on  the  Portobello  Branch.  The  contract  was 
let  in  July,  1^74. 

The  contractor  lifted  the  existing  pavement  or  causeway,  and 
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at  those  portions  of  the  street  where  the  causeway  bed  was  bad,  or 
which  was  macadamised,  the  ground  was  excavated  to  a  uniform 
depth,  reckoned  at  about  13^  inches  below  the  intended  perma- 
nent surface,  for  a  width  of  17  feet  for  a  double  line,  and  8  feet 
for  a  single  line.  The  actual  depth  of  excavation  was  less  than 
i3t  inches,  for  the  level  of  the  renewed  roadway  was  raised 
considerably. 

A  firm  bottom  was  provided  for  the  concrete.  The  normal 
thickness  of  tlie  bed  of  concrete  laid  on  the  bottom  of  the  excava- 
tion was  6  inches;  a  greater  thickness  was  laid  where  it  was 
necessary;  but  where  the  macadam  of  the  existing  macadamised 
roads  was  firm  enough  to  form  a  foundation  for  the  sleeper  and 
the  pavement,  the  surface  was  dressed  and  finished,  when  exca- 
vated, to  a  uniform  level,  to  receive  a  thin  coat  of  concrete.  The 
concrete  was  carefiilly  beaten,  and  the  surface  formed  parallel  to 
the  sur&ce  of  the  street.    The  composition  was  as  follows  : — 

Measures. 

Best  Arden  lime 2 

Clean  whinstone,  broken  to  a  size  that  will  pass 

through  a  2-inch  ring 4 

^inch  Fisherrow  or  whinstone  gravel      .        .        .  i 


The  sleepers  are  of  red  Baltic  fir,  from  Riga,  or  of  pitch  pine, 
4  inches  wide  and  5  inches  deep,  rebated  at  the  upper  corners  to 
receive  the  fillets  of  the  rails.  The  joints  of  the  sleepers  rest  in 
cast-iron  chairs,  6  inches  long,  the  soles  of  which  are  let  in  the 
lower  sides  of  the  sleepers  to  present  a  flush  surface  to  the  con- 
crete bed.  The  sleepers  were  creosoted  with  the  best  creosote,  to 
the  extent  of  10  lbs.  per  cubic  foot  of  timber,  under  a  pressure  of 
200  lbs.  per  square  inch. 

The  sleepers  are  tied  to  gauge,  at  intervals  not  exceeding  6  feet, 
by  tie-bars  of  wrought  iron,  2  inches  by  f  inch  thick,  kneed 
reversely  at  the  ends,  and  fixed  to  each  sleeper  by  a  i-inch  bolt, 
nut  and  washer.  The  rails  are  fixed  to  the  sleepers  by  t-inch  bolts, 
nuts,  and  washer  plates  at  the  lower  side.     The  bolts  are  counter- 
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sunk,  and  are  recessed  in  the  head  for  a  screw-key.  All  bolt 
holes  in  the  wood  were  filled  with  Archangel  tar  at  boiling-point, 
before  the  bolts  were  driven.  The  sleepers  are  bedded  on  a  ^inch 
layer  of  firm  concrete,  composed  as  follows  : — 

Parts. 

Portland  cement i 

Fisherrow  gravel 3 


mixed  and  tempered  with  mortar. 

The  rails  are  of  wrought  iron,  rolled  from  large  piles  of  the  best 
puddled  bars,  so  arranged  that  the  lower  portion  of  each  rail  is 
fibrous,  and  the  rolling  surface  and  upper  portion  of  fine  granular 
iron.  The  weight  is  52  lbs.  per  yard.  The  rail  is  4  inches  wide, 
and  \\  inches  thick,  having  two  fillets  on  the  under  side,  one  at 
each  corner,  f  inch  square.  At  the  upper  side,  the  outer  or  rolling 
surface  is  i|  inches  wide,  and  the  groove  is  i  J  inches  wide  \  the 
inner  ledge  is  i  inch  wide,  and  is  deeply  corrugated,  having  18  cor- 
rugations per  lineal  foot  The  depth  of  the  groove  is  \  inch, 
leaving  a  thickness  of  J  inch  under  the  groove.  The  width  of  the 
groove  at  the  bottom  is  W  inch,  and  the  splay  of  the  sides  of  the 
groove  is  the  greater  towards  the  inner  side  of  the  rail.  The 
standard  length  of  the  rail  is  2 1  feet,  or  7  yards,  but  a  number  not 
exceeding  5  per  cent  of  the  whole  quantity  might  be  of  less  length, 
in  whole  numbers,  of  even  feet,  none  of  them  less  than  12  feet 
long.  The  variation  of  length  allowed  was  \  inch.  The  rails 
are  fixed  lo  the  sleepers  by  J-inch  bolts  at  2-feet  centres,  except 
at  each  end,  where  the  rail  is  fixed  by  two  bolts  at  4j-inch  centres, 
of  which  the  extreme  bolt  \%  \\  inches  from  the  end  of  the  rail. 
The  bolt-holes  are  made  through  the  bottom  of  the  groove,  and 
the  heads  of  the  bolts  when  screwed  home  are  flush  with  the 
bottom  of  the  groove. 

The  ends  of  the  rails  are  connected  by  wrought-iron  fish-plates, 
15  inches  long,  3  inches  wide,  and  f  inch  thick — one  plate  at  each 
junction  let  flush  into  the  sleeper — fixed  by  the  four  bolts  already 
mentioned.    The  holes  in  the  plates  are  formed  oval,  being  \  inch 
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wide  and  J  inch  long,  to  allow  for  slight  irregularities.  The  weight 
of  a  fish-plate  is  7  lbs. 

The  points  and  crossings  are  of  chilled  cast  iron  or  other 
materials. 

A  thin  layer  of  clean  sharp  sand,  or  \  inch  Fisherrow  or  whin- 
stone  gravel,  may  be  spread  over  the  concrete  as  a  packing  under 
the  stones,  to  make  up  for  inequalities  of  surface.  But  the 
stones  rest  direct  upon  the  concrete  where  the  packing  was  not 
required. 

The  causeway  or  pavement  was  laid  over  all  the  surface  between 
the  rails,  and  for  a  breadth  of  18  inches  upon  each  side,  beyond 
the  outermost  rails.  The  sets  are  3  inches  wide,  7  inches  deep, 
and  of  10  inches  average  length,  except  such  as  are  required  to 
match  the  neighbouring  pavement.  They  are  of  new  granite  or 
of  new  whinstone  rock,  from  Westfield,  Drumbowie,  or  Bamton 
quarries.  They  are  laid  dry,  hard  to  hard,  or  in  contact,  and 
grouted  with  a  mixture  of  equal  parts  of  Portland  cement  and 
i-inch  Fisherrow  gravel,  and  finished  with  a  thin  coating  of  fine 
gravel.  For  the  purposes  of  measurement  the  width  of  pave- 
ment for  a  single  line  of  way  is  taken  at  7  feet  4  inches  \  and 
for  a  double  Une  15  feet  8  inches,  exclusive  of  the  width  of  the 
rails. 

The  tramway  was  maintained  by  the  contractor  in  good  order 
for  twelve  months  after  the  date  of  completion.  The  manufac- 
turer of  the  rails  was  to  take  back  and  allow  a  deduction  for  any 
rails  failing  within  two  years  from  the  date  of  manufacture.  Pay- 
ments, subject  to  deductions  for  penalties  or  damages,  were  to  be 
made  monthly  to  the  extent  of  90  per  cent  of  the  value  of  the 
work  done.  The  balance  was  to  be  paid  at  the  end  of  six  months 
after  the  date  of  completion. 

The  contract  prices  for  work  done  in  the  construction  of  the 
Portobello  section  in  1874 — 75,  were  as  follows,  together  with  the 
schedule  of  prices  for  alterations,  additions,  deductions,  or  extra 
work : — 
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Edinburgh  Street  Tramways— Cost  for  the  Construction 
of  the  portobello  section,  1 874— 75. 

From  end  of  existing  lines  to  East  end  of  Waterloo  Place, 


s. 


Lifting*  and  laying  aside  present  causeway,  dress- 
ing surface  of  same;  providing  and  laying 
bed  of  concrete;  all  materials  for  permanent 
way ;  new  granite  causeway  blocks,  grouted  with 
cement,  and  coated  with  fine  gravel,  and  finish- 
ing tramways  complete,  as  specified  — 
Double  line,  ^^  lineal  yards    .        .        .         <9  £(}  162    00 

Single  line,  130        „  .        .  „  ;f  3  390    o    o 


From  East  end  of  Waterloo  Place  to  Portobello. 

Excavating  macadam,  and  dressing  surface  of  same ; 

providing  and  laying  bottom  bed  of  concrete,  all 

materials  for  permanent  .way ;    new  whinstone 

causeway   blocks,    grouted   with    cement,    and 

coated  with  fine  gravel,  and  finishing  tramways 

complete,  as  specified — 
Double  line,  633  lineal  yards  .        .        •  ®  jf  5  5s.  3 1323     5     o 

Single  line,  5,070        ,,  ,  %  £2  \%%,  6d.         13,302  15    o 

Providing  and  laying  complete,  points  and  cross- 
ings for  17  single  line  junctions,  including  extra 

for  laying  permanent  way     .        .        .       @  ;^2o  340    o    o 

Restoring  gas  and  water  pipes  interfered  with,  or 

other  works  injured,  and  lighting,  watching,  and 

temporary  fencing 

Preparing  estimates,  schedules  of  prices,  &c.,  %  i 

per  cent 175    o     o 

Total  cost i7»^9    ^    o 

Maintaining  the  whole  of  the  works  for  twelve 
months  after  being  opened  for  traffic   .        .        .  250    o    o 


Total  cost,  including  one  year's  maintenance     ;£i 7,949    o    o 
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Edinburgh  Street  Tramways  {continued). 

Tlie  costs,  not  including  points  and  crossings,  may 

be  abstracted  as  follows — 

^        8.    d.  £ 

660  yards  of  double  line    .        .      3485    5    o    or    9,294  per  mile. 

5,200    „      of  single     „       .        .     13,698  15    o     „     4,637 


5,860    „     (3-33  miles)        ,        .     17,184    o    o     „ 

^»520    „      (370     ,,    )  equivalent  length  of  single 

line,  cost 


5,160 
4*644 


if 


t» 


If 


Schedule  of  Prices. 

Excavating  macadam  to  the  depth  re- 
quired for  causeway  and  concrete,  and 
•  dressing  surface  .        .    •    .    •    .        .02    o  per  square  yard. 

Excavatine  the  depth  required  for  con-  '  * 

Crete,  where  present  causeway  is  to  be   - 

lifted 010  ,, 

Dressing  and  clearing  surface  of  concrete 

where  the   existing   concrete   bed   is 

allowed  to  remain 010  ,, 

Providing  and  laying  new  bottom  bed  of 

lime  concrete,  6  inches  thick,  as  speci- 
fied        030  >»      • 

Do.,  do*>  substituting  cement  for  Arden   .        . 

lime 036  ,, 

Providing  and  laying  fine  bed  of  cement 

concrete,  from  2  to  3  inches  thick,  as 

specified  to  be  under  sleepers       .        .01    0  per  lineal  yard. 
Do.,  do.,    substituting  Arden    lime   for 

cement 009  „ 

Cement  grouting  as  specified  .        .        .016  per  square  yard. 
Grouting  with  Arden  lime                         .013  ,, 
Lifting  and  laying  aside  present  cause- 
way blocks 010  ,, 

Lifting  present  causeway  blocks,  dressing 

and  relaying  them,  including  grouting 

with  cement,  and  coating  of  fine  gravel 

as  specified 060  ,, 
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Schedule  of  Prices  {continued). 

£  *•    ^- 
Providing  and  laying  new  granite  blocks, 

including  grouting  with  cement,  and 

coating  of  fine  gravel  as  specified        .      013    o  per  square  yard. 
Providing    and   laying    new   whin  stone 

blocks,  including  grouting  with  cement 

and  coating  of  fine  gravel  as  specified .      o  12    o  „ 

Wrought-iron  tramway  rails  as  specified  •     1000  per  ton. 
Cast-iron  chairs  for  ends  of  sleepers        .      076  per  cwt. 
Bar-iron  tie-rods,  2  x  f  inch   •        .        .      o  14    o        ,, 
Bolts  and  nuts  for  fixing  rails  to  sleepers      003    per  lb. 
Ordinary  bolts  and  nuts    .        .        .        •003^,, 

Fish-plates o  14    o  per  cwt 

Longitudinal  sleepers  as  specified   •        .006  per  lineal  foot. 
Providing,  laying,  and  fixing  complete, 

rails,  sleepers,  chairs,  tie-rods,  bolts, 

&c.,  as  specified,  single  line        .        .100         ,,         yard. 
Do.,  do.,  but  assuming  rails  to  be  pro- 
vided by  the  Company  •        .        .        .      o  10    o  ,, 
Providing  and   laying  chilled  cast-iron 

point  rails 500  each. 

Do.,  do.,  with  moveable  point  .        .        .      600,, 

Do.,  do.,  crossings 500,, 

Extra  price  for  laying  in  junctions  from 

crossing  to  point,  single  line        •        .036  per  lineal  yard 
Do.,  do.,  cross-over  roads,  from  point  to 

point,  single  line 036  „ 
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Quantities  per  Mile,  Single  Line,  8  feet  wide,  and 
Costs  as  per  Schedule  Rates. 


AVork  and  Materials. 


Excavating  macadam  and 
dressing  surface  of  same 

Concrete  bed,  6  inches 
thick     . 

Rails,  52  lbs.  per  yard 

Bolts  and  nuts  for  rails 

Tie-rods   . 

Bolts  and  nuts  for  tie-rods 

Chairs      • 

Fish-plates 

Sleepers   . 

Cement  for  sleepers 

Whinstone  causeway  and 
grouting 


Quantities. 


square  yards. 
4,693 

4^693  ^ 
tons  cwuf.  lbs. 

80     O     O 

700 
070 
2    13      O 

I    12      O 
lineal  feet 
10,560 
lineal  yards 

3»520 

square  yards 
4,520 


Rate. 


23. 


3s. 


j^io  per  ton 

^d.  per  lb. 

£1^  per  ton 

3^(1.  per  lb. 

7s.  6d.  per  cwt 

14s.  per  cwt. 

6d. 

is. 


I2S. 


Total  cost  per  mile  single  line 


Amount. 


£ 

s« 

d. 

469 

6 

0 

703 

19 

0 

820 

0 

0 

144 
98 
II 

4 
0 

8 

0 
0 
8 

19 
22 

17 

6 
0 

264 

0 

0 

176 

0 

0 

2,712 

0 

0 

S1441    3    2 


The  amount  of  cost  per  mile,  thus  estimated  from  the  schedule 
rates,  is  greater  than  the  actual  amount  per  mile,  already  stated, 
according  to  the  contract  The  difference  is  accounted  for,  partly 
by  the  fact  of  a  reduction  having  been  made  on  the  amount  first 
made  out ;  and  partly  by  the  raising  of  the  level  of  the  road  when 
the  tramway  was  laid,  as  a  consequence  of  which  the  depth  and 
quantity  of  the  excavation,  as  well  as  those  of  the  foundation  of 
concrete,  was  generally  less  than  the  normal  amounts  as  specified. 

The  renewal  of  the  original  ways  was  commenced  in  1879,  when 
Mr.  Macrae  substituted  a  solid  steel  girder  rail  on  concrete  for 
the  older  rail,  shown  in  Fig.  72.  The  bed  of  concrete,  laid  for 
the  whole  width,  6  inches  deep,  was  composed  of  5  measures  of 
broken  whinstone,  in  pieces  weighing  from  2  ounces  to  5  ounces, 
3  measures  of  fine  screened  Fisherrow  gravel,  and  2  measures  of 
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best  Portland  cement  On  this  bed  is  laid  a  thinner  stratum* 
2  inches  thick,  of  fine  concrete,  composed  of  3  parts  of  whinstone 
or  Fisherrow  gravel,  passed  through  a  3 -inch  sieve,  to  i  part  of 
Portland  cement.  The  rails  were  imbedded  in  this  stratum  while 
it  was  moist  They  are  of  Bessemer  steel,  weighing  106  lbs.  per 
yard,  8  inches  in  height  The  flange  base  is  7  inches  wide.  The 
width  of  the  tread  is  ij  inches,  of  the  groove  iiV  inches,  and  the 


Fig.  72.    Macrae's  Way,  Edinburgh.     Scale  ^. 

guard  flange  iV  inch,  making  together  about  3  inches.  The 
rails  are  fixed  at  the  joints,  and  the  sides  of  each  rail  are  filled  up 
flush  with  fine  concrete.  The  paving,  of  best  granite,  is  7  inches 
deep,  and  from  3  inches  to  3}^  inches  wide ;  the  sets  are  laid  on 
the  bed  of  moist  concrete,  "  hard  to  hard,"  and  grouted  with 
bitumen,  or  with  Portland  cement  and  \  inch  Fisherrow  gravel, 
mixed  in  the  proportion  of  i  to  2 . 


Quantities  and  Costs  per  Mile,  Single  Line,  of  the 
Girder  Railway,  Macrae's  System— Edinburgh 

Street  Tramways,  1879. 

Lifting  old  causeway  and  carting  it  away, 
4,693  sup.  yards 

Excavating  foundation  for  concrete  bed, 
depth  8  inches,  4,693  sup.  yards    .. 

Providing  and  laying  concrete,  6  inches 
deep,  4,693  sup.  yards    .... 

Providing  and  laying  bed  of  moist  con- 
crete, for  bedding  paving  stones  and 
tramway  rails,  2  inches  deep,  4,693  sup. 
yards m  is.  2d.         273  15 


£     s. 

d. 

®  6d. 

117    6 

6 

„  5^- 

97  15 

5 

,,  2S.   lod. 

664  16 

10 

Carried  forward        ;fi>i53  13   11 
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Quantities  and  Costs  {continued), 

£   «.  d. 

Brought  forward       ;^i,i53  ^3  '' 
Providing  and  laying  new  granite  cause- 
way, and  grouting  with  bitumen  4,400 

sup.  yards @  los.  5d.     2,291  13  4 

Rails,  106  lbs.  per  yard,  1 66^  tons     .        .     >*  jf  10           i»665    o  o 

Fish-plates,  6  tons mj^^io                60    o  o 

Bolts  and  nuts,  ^  ton **£^o                10    o  o 

Laying  rails,  1,760  yards    .        .        .        .     ,,  is.                  88    o  o 

Total £S*2(A    7     3 

Recently,a  system  of  pavement,  Figs.  73  and  74  (Livesey's  patent), 
has  been  adopted,  in  which  chilled  cast-iron  sets  alternating  with 
stone  sets  are  laid  alongside  the  rails,  inside  and  outside.  On  this 
system,  the  wear  of  the  surface  is  rendered  more  nearly  uniform, 
and  the  tendency  to  wear  into  ruts  is  successfully  counteracted. 
The  same  system  has  been  adopted  in  the  Aberdeen  tramways,  in 
which  the  way,  complete,  with  chilled  block  paving,  double  line, 
cost  jQ^  6s.  per  lineal  yard.  The  suburban  way,  single  line, 
without  chilled  blocks,  cost  jQi  9s.  lod.  per  yard. 


[chapters   XV.  TO    XXIV.  DEAL  WITH  VARIOUS  WATS 
HAVING  METAL   SUBSTRUCTURE.] 


CHAPTER   XV. 

KINCAWS  IRON  WAY. 

Mr.  Joseph  Kincaid  secured  his  first  patent  in  March,  1872, 
for  his  systein,  in  the  forms  illustrated  by  Figs.  75  to  77 ;  of 


Fio.  75.    KincRid'i  Iron  Waj',  as  patenlcd. 

which  Figs.  75  and  76  show  rails  of  the  ordinaiy  construction  at 
that  period,  supported  at  suitable  distances  apart  upon  supports 
formed  with  a  flat  base,  and  having  an  open  space  in  the  centre. 
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From  the  base,  the  support  for  the  rail  rises,  having  an  open 
space  or  passage  through  it.  in  order  that  the  cancrete,  in  which 
chc  support  is  embedded,  may  enclose  and  surround  it,  so  that 
it  may  be  solidly  embedded  therein.     The  rail  was  fixed  to  the 


Ftc.  76.    Kinciliirs  Iroa  Way,  as  patenled. 

chair  by  a  vertical  spike  through  the  groove,  driven  into  a  hard- 
wood plug,  which  was  previously  forced  into  a  round  hole  in  the 
tap  of  the  stool  or  support  As  an  alternative  method  of  atuch- 
meat,  the  rail  might  be   fixed  to  the  stool  by  side-fastenings 


Fig.  77.    Kiacaid's  lion  Way,  as  patenled. 

c  >:i!dsting  of  spikes  driven  through  holes  in  lateral  flanges  of  the 
rail,  made  suflicienCly  deep,  into  plugs  embedded  horizontally  in 
the  head  of  the  stool. 

Mr.  Kincaid  showed  also  a  method  of  fixing  rails  of  T  section. 
Fig.  77,  consisting  of  an  upper  table,  with  a  vertical  flange  or 
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web,  which  was  let  into  a  slot  in  the  head  of  the  stool  and  fixed 
there  by  a  horizontal  taper  cotter. 

His  first  experiment  was  made  on  the  Headingley  branch  of 
the  Leeds  Tramways,  a  quarter  of  a  mile  in  length,  which  was 
laid  with  the  rail,  47  j^  lbs.  per  yard,  fixed  to  cast-iron  stools  at 
3-feet  centres. 

In  the  design  of  the  first  portion  of  the  Sheffield  Tramways — 
the  line  to  Attercliffe — which  was  opened  in  October,  1873,  on 
his  iron  system,  Mr.  Kincaid  employed  a  rail  weighing  50  lbs.  per 
yard.  It  had  2^  lbs.  per  yard  more  metal  than  the  experimental 
rail  at  Leeds,  and  was  of  a  much  better  section,  having  lateral 
flanges  i^  inches  deep.  Supported  on  cast-iron  bearings  3  feet 
apart,  the  rail  was  found  to  be  sufficiently  strong  and  stiff.  The 
paving,  5  inches  deep,  was  laid  on  a  bed  of  ashes  3  inches  deep, 
and  was  grouted  with  an  asphalted  composition,  pitch  and  tar. 
In  excavating  for  the  work,  the  ground  was  first  removed  to  a 
uniform  depth  of  8  inches  for  the  whole  width  of  the  way,  and 
holes  were  dug  to  receive  the  foundations  of  concrete,  and  the 
stools  for  supporting  the  rails.  The  groove  of  the  rail,  it  may 
be  remarked,  was,  by  superior  order,  made  only  i  inch  wide  at 
the  surface.  It  proved  to  be  too  narrow,  and  it  bound  the  car- 
wheels  on  sharp  curves. 

The  Dewsbuiy,  Batley,  and  Birstal  Tramway,  for  which  Mr. 
Malcolm  Paterson  and  Mr.  Gomersell,  successively,  were  engineers, 
constructed  in  1872 — 75,  was  laid  on  Mr.  Kincaid's  system, 
according  to  his  patent  of  1872.  The  total  length  of  the  line 
— single  line — is  3*325  miles,  opened  in  sections  successively  as 
follows : — 

Miles. 

Dewsbury  to  Batley  1*325        July  25th,  1874. 

Batley  to  Carlinghow  i  March  25th,  1875. 

Carlinghow  to  Birstal  i  June  23rd»  1^75* 

3*325 

There  were  ten  sidings,  eight  of  which  were  66  yards  long,  and  two 
were  55  yards  long.    The  line  is  on  an  easy  gradient  of  about  one 


230  CONSTRUCTION  OF  TRAMWAYS. 

in  two  hundred,  fklling  all  the  way,  with  slight  exceptions,  from 
Birstal  to  Dewsbury. 

The  rails  are  of  wrought  iron,  and  weigh  41  lbs.  per  yard. 
They  are  3  J  inches  wide  and  2  inches  deep,  and  are  carried  on 
chairs  3  feet  apart  between  centres,  to  which  they  are  secured  by 
vertical  spikes  to  the  bottom  of  the  groove.  The  chairs  were  laid  in 
concrete,  run  in  with  pitch,  and  the  rails  were  packed  underneath 
with  a  concrete  composed  of  small  broken  stone  and  pitch. 

The  paving  consisted  of  Dalbeattie  granite  sets,  of  which  those 
laid  between  the  rails  were  4-inch  cubes,  and  those  laid  in  the 
18-inch  breadths  outside  were  6  inches  deep.  They  were  grouted 
with  pitch.  The  paving  was  laid  on  a  foundation  consisting  of  a 
2-inch  layer  of  broken  stone,  covered  with  a  4-inch  layer  of  ashes. 

The  cost  of  construction  of  the  first  2  J  miles  from  Dewsbury, 
through  Batley,  to  Carlinghow,  in  a  paved  road,  amounted  to 
j;^4,6oo  per  mile ;  whilst  the  last  mile,  from  Carlinghow  to  Birstal, 
in  a  macadam  road,  was  constructed  with  paving  complete  for 
;^4,ooo. 

Mr.  Kincaid,  in  his  second  patent,  of  January,  1876,  introduced 
several  improvements  in  the  details  of  his  iron  system  of  tramway. 
He  widened  the  body  of  the  stool,  or  chair,  to  the  same  breadth 
as  the  rail,  flush  with  it  vertically,  and  thus  widened  the  bearing 
for  the  rail  by  taking  in  the  flanges,  and  presented  an  even 
surface  as  an  abutment  for  the  paving  sets.  He  employed  a  rail 
like  that  of  the  Dewsbury  line,  hollowed  out  under  the  tread,  and 
formed  the  head  of  the  chair  to  fit  into  and  take  a  bearing  in  the 
hollow.  For  the  vertical  plugs  and  spikes  he  substituted  hori- 
zontal plugs  in  the  chairs,  with  staples  as  side  fastenings  for 
binding  the  rail  to  the  chair. 

One  of  the  later  applications  of  Mr.  Kincaid's  system  of  way  is 
illustrated  by  Figs.  78  and  79,  exhibiting  the  construction  of  the 
Bristol  tramways,  laid  in  1876.  The  Hull  Street  Tramways  were 
constructed  on  the  same  system  in  the  same  year ;  the  Leicester 
tramways  in  1874  ;  also,  the  more  lately  constructed  sections  of 
the  Leeds  tramways  and  the  Sheffield  tramways  in  the  years 
1876 — 77. 
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The  gauge  of  these  lines  is  4  feet  Si  inches.  The  Bristol 
tramways  are  made  in  single  line,  i  mile  1,452  yards  in  length, 
with  maximum  gradients  of  i  in  17.  The  roadway,  which  was  of 
macadam,  was  excavated  for  a  width  of  8  feet  for  a  unifonn  depth 
of  8  inches ;  and  holes  for  the  foundation  of  the  chairs,  3  feet 
apart  between  the  centres,  were  excavated  to  a  depth  of  15  inches 
below  the  surface  of  the  road,  18  inches  wide  and  16  inches  long. 
The  concrete  employed  was  of  the  following  composition : — 

Qean  sharp  gravel  or  broken  stone  to  a  i-inch  ring-gauge        3 

Sand 2 

Fresh  burned  Aberthaw  lime i 


The  holes  were  tilted  with  concrete  to  a  total  depth  of  8  inches. 


in  which  the  soles  of  the  chairs  were  embedded  to  a  depth  of 
3  inches  below  the  upper  surface  of  the  concrete.  Concrete  was 
also  applied  under  each  of  the  rails  for  its  whole  width,  between 
the  chmrs,  in  some  measure  affording  bearing  surface,  but 
designedly  to  occupy  the  space  under  the  rail  and  keep  it  free 
from  water. 

The  rails  were  of  wrought  iron,  rolled  from  a  single  ingot  of  best 
malleable  No.  i  mine  iron,  weighing  43  lbs.  per  yard,  with  a 
margin  of  from  41  lbs.  to  44  lbs.,  in  lengths  of  34  feet;  except  5  per 
cent,  of  the  whole  number,  which  were  to  be  of  shorter  lengths. 
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The  rails  were  3}^  inches  wide,  and  -iV  inch  thick  under  the  tread 
and  under  the  groove ;  they  are  formed  with  two  flanges,  one  at 
each  side,  21V  inches  deep,  slightly  taper  in  thickness,  iV  in<^h 
thick  at  the  lower  edges.  The  tread  of  the  rail  is  if  inch  wide, 
the  groove  is  1}  inches  wide,  and  the  outer  border  is  \  inch  thick 
at  the  edge  and  corrugated.  The  groove  is  taper  in  section  and 
the  slope  mostly  towards  the  outside.  The  tread  of  the  rail  is 
flat,  but  is  slightly  inclined  upwards,  to  the  extent  of  iV-inch  rise, 
towards  the  centre  of  the  rail.  With  such  a  formation,  the  contact 
of  the  car-wheels  with  the  tread  is  concentrated  at  the  inner 
edge  of  the  tread ;  the  load  is,  in  consequence,  fairly  delivered  on 
the  rail  at  the  middle  of  its  width,  and  undue  twisting  action  or 
deflection  by  side  loading  is  obviated :  a  point  of  special  impor- 
tance for  the  stability  of  a  suspended  rail. 

The  chairs,  of  cast  iron,  have  rectangular  bases,  14  inches  wide, 
12  inches  long,  and  J  inch  thick,  at  a  level  10  inches  below  the 
surface  of  the  rails.  They  are,  like  the  rails,  3  J  inches  wide  at  the 
head ;  and  they  give  a  bearing  to  the  rails  of  3!-  inches  at  inter- 
mediate points,  and  7  inches  long  at  the  joints.  They  are  placed 
3  feel  apart  between  centres.  The  rails  are  fastened  to  the  chairs 
by  staples  at  each  side,  made  of  half-round  bar-iron,  best  Stafford- 
shire, which  engage  into  holes  punched  in  the  rails,  and  are  driven 
into  hard-wood  plugs,  which  are  forced  into  holes  at  the  heads  of 
the  chairs.  There  are  two  staples  at  each  end  of  the  rails,  at 
each  side,  to  make  the  joints ;  and,  for  a  24-foot  rail,  there  are 
eleven  staples  at  each  side,  or  twenty-two  in  all.  The  plug  holes 
in  the  chairs  are  slightly  taper ;  at  the  larger  ends  they  are 
if  inches  in  diameter  for  the  joint  chairs,  and  ij  inches  inter- 
mediately. 

The  points  and  crossings  are  of  cast  iron,  with  wrought-iron 
tongues.  The  upper  surfaces  were  file-dressed.  There  are  three 
cast-iron  chairs  to  each  point,  and  two  to  each  crossing. 

All  the  castings  are  of  No.  i  strong  grey  iron. 

The  paving  consists  of  granite  sets,  5  inches  deep,  laid,  for  the 
extreme  width  of  8  feet,  on  a  bed  of  gravel  3  inches  thick,  spread 
on  the  bottom  of  the  excavation.     The  paving  was  grouted  with  a 
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liquid  mortar,  containing  six  parts  of  fine  sand,  to  one  part  of 
fresh  burnt  lime ;  it  was  rammed  before  the  grouting  had  set,  and 
was  again  grouted. 


Actual  Cost  of  the  Bristol  Tramways  (Kincaid's  Way) 

PER  Mile,  Single  Line,  1876. 

j^    8.      d.  j^       s.    d. 

Rolled  iron  rails,  43  lbs.  per  yard,  68  tons  ©7100  510    00 

Cast-iron  chairs,  royalty  included,  79  tons   ,,   6  12     9  524    7    3 

4,000  wood  plugs,  per  1 ,000       .                 .   ,,  4  10    o  18    o    o 

9,700  wrought -iron  staples,  each        .        .,,002  80  16    8 
Laying  the  way,  including  excavation  and 

concrete,  per  lineal  yard         .        .        .,,070  61600 

Total  cost  of  way  .        i»749    3  ^i 

Providing  and  laying  granite  pavement, 
including  gravel  bed  and  grouting,  4,400 
■   square  yards  .  .        .        .        .   ,,  o  12    0     2,640    o    o 

jf4'389    4    o 

The  work  was  maintained  in  good  order  for  six  months  after  it 
was  completed  and  the  line  opened  for  traffic.  Payments  were 
made  monthly,  less  10  per  cent,  which  was  kept  in  reserve  until 
the  contract  was  completed. 


Leicester  Tramways. 

In  addition  to  the  tramways,  4*44  miles  in  length,  constructed 
in  1874,  the  Leicester  Tramways  Company  (October,  1877)  con- 
tracted for  the  construction  of  5  miles  additional  length  of  tram- 
way, on  Mr.  Kincaid's  system.  The  rails  were  of  Siemens  steel, 
weighing  47  lbs.  per  yard.  The  staples  were  of  Lowmoor  iron. 
The  following  are  particulars  of  the  contract : — 
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Cost  of  New  Line  of  the  Leicester  Tramways  (Kincaid's 

Way)  per  Mile,  Single  Line. 

jC    a.     d.  Q 

Rolled  Siemens'  steel  rails,  47  lbs.  per 
yard,  74  tons,  delivered  .... 

75  tons  Kincaid's  cast-iron  chairs 

Lowmoor  iron  fastenings  or  staples  and 
plug's      ....... 

Five  pairs  of  cast  steel  points    . 

Laying  the  way,  including  excavation  for 
paving,  as  well  as  for  the  way  and  con- 
crete, per  lineal  yard      •        .        .        .,,051  450 

Total  cost ifSH 

Providing  and  laying  Leicestershire  granite 
paving,  8  feet  wide,  as  follows :  Sets,  6 
inches  by  4  inches  outside  the  rails,  and 
one  course  next  the  rails  inside  ;  "  Ran- 
don  granite,'*  not  less  than  4  inches  deep 
and  4  inches  cube,  over  the  remaining 
surface,  per  lineal  yard,  say  .        .        .,,064  1.300 


Total  cost  for  way  and  paving  ...  2,814 

Add,  for  engineering  and  legal  charges    .  186 

Total  per  mile,  single  line  .  .  3,000 

Salford  Corporation  Tramways. 

A  more  recent  development  of  Mr.  Kincaid's  system,  as  exem- 
plified in  the  Salford  Tramways,  lately  constructed  to  the  plans 
of  Mr.  Alfred  M.  Fowler,  the  borough  engineer  and  surveyor,  are 
illustrated  by  Figs.  80, 81, 82.  The  tramways  consist  of  two  lines,  a 
double  line,  from  Albert  Bridge  to  Pack  Horse  Inn,  i  mile  1,437 
yards  long,  and  a  single  line,  in  Buiy  New  Road,  between  the 
Kensal  Toll  Bar  and  Grove  Inn,  i  mile  479  yards  long.  The 
roadways  were  partly  paved  and  partly  macadamised. 

The  rails  are  laid  to  a  gauge  of  4  feet  8i  inches,  with  an  inter- 
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Space  of  i,  feet  between  the  two  lines  of  the  double  way.  The 
total  width  for  a  double  way,  including  the  iS-inch  breadth  at 
each  side  is  17  feet,  constituted  as  follows: — 

Fl.     Inl. 

4  feet  8J  inches  x  2  =     ,  95 

Interspace 40- 

18  inches  v.  2  = 30 

Fourhalf  breadths  of  rail  (ij  x  4)  »      .  07 


For  a  single  line  the  total  width  is  S  feet. 


The  pavement  is  lifted,  or  the  macadam  is  excavated,  for  a 
untfonn  depth  of  8  inches,  for  the  whole  width  of  17  feet  for  a 
double  line,  or  for  8  feet  for  a  single  line.  Holes  for  the  founda- 
tions of  the  chairs  arc  excavated  at  3  feet  apart  between  centres, 
to  a  depth  of  15  inches  below  the  surface,  or  level  of  the  rails ; 
they  are  18  inches  long  and  10  inches  wide  at  the  bottom. 

The  concrete  is  composed  as  follows,  thoroughly  mixed  as 
required,  on  a  wooden  platform,  and  used  fresh : — 
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Clean  sharp  gravel,  broken  stone,  i 

a  i-inch  ring-gauge 
Best  Portland  cement 


5 
The  holes  excavated  for  the  foundations  of  the  chMis  are  filled 
with  concrete  in  which  the  chairs  are  properly  bedded  and 
levelled ;  the  concrete  is  rammed  underneath  and  around  each 
chair.  Each  block  of  concrete  is  zo  inches  by  i8  inches,  by 
S  inches  deep,  and  the  underside  of  the  sole  of  the  chair  is  sunk 


^--^                              ^ 

\      \                /      / 

M 

Fig,  8i.     Salford  Corporation  I'ranf      Fig.  Si.     Salford  Corporation  Tram- 
ways :— Plan  of  Chair.    Scale  \.  ways : — Seclion  of  Kail.    Scale  J. 

to  a  level  of  i  \  inches  below  the  upper  side  of  the  block.  The 
space  under  the  rails  between  the  chairs  is  filled  with  concrete,  by 
enclosing  the  space  at  one  side  of  the  rail,  and  ramming  in  the 
concrete  with  wooden  beaters  from  the  other  side. 

The  chairs  stand  at  a  level  Si  inches  below  the  surface  of  the 
rails,  measured  to  the  underside  of  the  chair.  The  sole  has  an 
average  thickness  of  i  inch,  the  sides  have  a  minimum  thickness 
of  J  inch  ;  the  neck  of  the  intermediate  chair  is  %\  inches  square, 
whilst  the  head,  which  takes  the  rait,  is  slightly  taper,  and  3^ 
inches  wide.  The  head  is  fiat  on  the  top,  and  receives  the  rail 
with  a  flat  bearing.  The  intermediate  chairs  weigh  about  48  lbs, 
eachj  and  the  joint  chairs  68  lbs.  each.     The  plug-holes  in   the 
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heads  of  the  chairs  are  taper,  i  inch  in  diameter  at  the  larger 
end,  filled  with  ash  plugs. 

The  rails,  of  iron,  were  rolled  from  piles  composed  of  selected 
puddle  bars,  made  from  refined  mine  or  pig  iron,  granular  above, 
fibrous  below,  to  weigh  50  lbs.  per  yard,  and  to  be  rolled  to 
lengths  of  24  feet.  Five  per  cent  of  the  whole  number  of  rails 
were  rolled  as  shorter  lengths,  not  less  than  1 2  feet  long.  Rails 
weighing  less  than  50  lbs.  or  more  than  52  lbs.  were  to  be  rejected. 
The  rails  are  3^-  inches  wide  and  have  2  J  inches  of  total  depth, 
with  a  maximum  thickness  of  if  inches.  The  tread  or  rolling 
surface  is  i}  inches  wide;  the  groove  is  ij  inches  wide  and 
}  inch  deep ;  and  the  outer  edge  is  J-  inch  wide  at  the  surface, 
deeply  corrugated  at  the  rate  of  14  corrugations  per  foot  of  length. 
The  surface  of  the  tread  is  flat  and  inclined,  so  that  at  the  centre 
of  the  rail  it  is  J  inch  higher  than  at  the  side.  It  is  thus  insured, 
as  was  remarked  of  Mr.  Kincaid's  Bristol  rail,  that  car-wheels 
should  take  their  bearing  on  the  middle  or  centre  line  of  the  rail. 

In  each  24-foot  rail  18  holes  are  drilled  in  pairs  at  3  feet  dis- 
tances apart,  through  which  the  rails  are  fastened  to  the  chairs  by 
J-inch  round  wrought-iron  spikes,  2  J  inches  long  from  the  head, 
taper  for  part  of  their  length.  The  spikes  were  of  the  very  best 
quality  and  workmanship  capable  of  being  bent  cold  to  form  a 
right  angle  without  fracture  or  flaw.  The  rails  and  chairs  were 
pressed  together  by  means  of  a  screw  clamp  while  the  spikes 
were  being  driven  ;  and  the  spikes  were  in  such  a  position,  near 
the  upper  part  of  the  plug-holes,  and  were  so  driven  that,  by  their 
action,  the  rail  was  brought  well  home  to  the  top  of  the  chair. 
Here  the  staple  usually  employed  has  been  replaced  by  a  direct 
acting  spike,  according  to  one  of  the  forms  described  m  Mr. 
Kincaid's  patent  of  1876.  The  heads  of  the  spikes  are  \  inch 
thick,  and  they  project  by  so  much  from  the  sides  of  the  chairs, 
which  otherwise,  with  the  rails,  present  flat  abutments  for  the 
paving  sets. 

The  points  are  8  feet  long,  they  are  of  cast  iron,  annealed  cast 
steel,  or  of  Vickers'  forged  steel.  The  crossings  are  made  by 
cleanly  cutting  ordinary  rails  to  the  required  angles  so  as  to  fit 


2iS 
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truly  to  the  sides  of  the  rails  of  the  main  road  to  be  crossed.  The 
adjoining  flanges  at  the  junction  are  bolted  together  with  i-inch 
bolts. 

The  paving  consists  of  granite  sets  6  inches  deep,  laid  on  a  bed 
of  sand  2  inches  thick. 

The  whole  of  the  work  was  maintained  for  twelve  months  after 
completion,  except  the  rails,  which  were  maintained  for  two  years. 

The  cost  of  the  work,  excluding  paving,  was  ;f  1,925  per  mile, 
single  line. 

Mr.  Kincaid's  later  system  of  way.  Figs.  83  and  84,  laid  in 
Bristol,  was  an  advance  upon  his  earlier  practice — providing  a 


Figs.  83  and  84.    Kincaid*s  Way,  Bristol.    Scale  /f. 


wide  foundation  of  concrete,  and  chairs  and  sleepers  with  a  long 
base.  This  system,  as  here  shown,  was  laid  for  lengths  of  a  mile 
and  a  half,  taken  together,  on  the  more  lately  constructed  part  of 
the  Hotwells  line,  opened  June  24,  1880 ;  the  Bedminster  line, 
opened  November  17,  1880;  and  the  Horfield  line,  opened  a  day 
later,  on  the  i8th.  The  other  portions  of  these  lines  were  laid 
on  the  same  construction,  except  that  the  bases  of  the  chairs  were 
only  14  inches  long  and  12  inches  wide. 

The  rail  of  the  newer  ways,  Fig.  85,  is  of  steel,  weighing  50  lbs. 
per  yard,  formed  with  a  central  web  and  inclined  flanks,  to  take  a 
wedge-like  bearing  on  the  chairs.     The  groove  is  only  i  inch  wide 
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at  the  surface,  the  tread  is  1 1  inches  wide,  and  the  guard  flange 
g  inch  wide,  making  together  a  width  of  3^  inches.  The  total 
depth  of  the  rail  b  3}  inches,  and  the  web  is  }  inch  thick  at  the 
origin,  tapering  to  f  inch  thick  at  the  lower  edge. 

The  chairs  are  of  cast  iron,  of  which  the  joint  chairs  weigh 
76  lbs.  each,  and  the  intermediate  chairs  64  lbs.  each.  They  are 
^^  inches   in  height,    and    have   a   flat  base  10  inches  wide  by 

2  feet  10  inches  long.     They  are   placed  at  distances  apart  of 

3  feet  from  centre  to  centre,  and  arc  therefore  onJy  2  inches 
clear  of  each  other  in  line,  making  a  bearing  on  the  foundation 
pracdcally  continuous.  They  are  gathered  up  in  the  body  of  the 
intennediate  sleepers   to  a  head 

3i  inches  long — the  length  of 
bearing  for  the  rail — and  3i  inches 
wide,  the  same  as  the  width  of 
the  rail,  presenting  two  flat  ver- 
tical flanks  to  the  paving  stones. 
The  heads  of  the  joint-chairs  are 
six  inches  in  length.  The  rails 
are  fastened  to  the  sleepers  by 
means  of  iron  cotters  passed 
through  the  web  of  the  rail, 
one  cotter  to  each  intennediate 
1  J  ,  ..        .  L       Fig.  83.    Kincaid'i  Way,  Biutol. 

sleeper,  and  two  cotters  to  each  ^  —Rail.    Scale  1, 

joint-chair,  or  one  to  each  rail, 

with  longitudinal  clearance  in  the  chair  to  allow  for  expansion. 
The  joint-chairs  are  connected  transversely  by  wrought-iron  tie- 
bars,  li  X  I  inch  thick,  passed  through  the  chairs,  and  screwed 
up  with  nuts  at  the  outsides. 

A  continuous  foundation  of  lias-lime  concrete,  6  inches  deep, 
is  provided,  laid  on  the  floor  of  the  excavation,  at  a  level  la  inches 
below  the  level  of  the  rails,  for  the  whole  width  of  the  way. 
Two  longitudinal  trenches  in  addition  are  excavated,  one  below 
each  rail,  2\  inches  deeper  than  the  general  excavation,  at  a  level 
145  inches  below  the  surface  of  the  rails.  At  these  trenches  the 
concrete  stands   Si  inches  deep.     Over  the  concrete  a  bed  of 
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gravel  is  laid,  i^  inches  thick  when  spread,  and  beaten  down  to 
I  inch  when  the  sets  are  rammed.  The  paving  sets,  of  granite, 
are  5  inches  deep  and  4  inches  wide,  and  are  grouted  with  lias 
lime  and  clean  sharp  sand. 

Quantities   and   Costs    per   Mile,   Single    Line,  of  the 
KiNCAiD  Way,  Bristol  Tramways,  1880. 

Steel  rails,  50  lbs.  per  yard,  784  tons         .   @ 

3,520  cast-iron  chairs,  103  tons 

4,000  wrought-iron  keys,  9^  cwt. 

220  wrought-iron  tie  rods  .... 

Excavation,  1,715  cubic  3*ards,  including 
carting  away  surplus  material  and  main- 
tenance of  tramway  for  six  months 

Lias  lime  concrete,  909  cubic  yards  . 

Bed  of  gravel,  i^  inches  thick,  as  spread. 
200  cubic  yards ,,030  20    o    o 

Laying  the  way,  including  fencing,  watch- 
ing, and  lighting,  1,760  lineal  yards      .    ,,   o     I     6        132     o    o 

Total  for  the  way         .        .  1,823  15    o 

Providing  and  laying  granite  paving  sets, 
including  ramming  and  grouting,  and 
making  good  at  sides  of  paving,  4,^00 
square  yards ,  o  10    o     2,200    o    o 

;f  4.023  15    o 

KiNCAiD*s  System,  Newcastle-upon-Tyne  Tramways,   1878. 

The  first  tramway  in  Newcastle-upon-Tyne  was  laid  on  Mr. 
Kincaid's  system,  to  a  gauge  of  4  feet  8  J  inches,  under  the  direc- 
tion of  Mr.  A.  M.  Fowler,  the  borough  engineer,  similar  to  the 
first  ways  laid  by  him  at  Salford.  The  way  was  laid  early  in  1878 
for  a  length  of  five  miles,  of  which  about  three  miles  were  of 
double  line  and  the  remainder  of  single  line.  The  rails  weighed 
50  lbs.  per  yard,  and  are  of  the  same  section  as  those  of  the 
Salford  line.  The  cost  of  the  way  per  mile,  single  line,  amounted 
to  ;£  1,540  per  mile,  in  which  were  included  the  cost  of  every- 
thing except  providing  and  laying  down  pavement. 
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Kincaid's  System — Salford  Tramways,  1879 — 80. 
When  Mr.  A.  M.  Fowler  settled  the  details  of  Mr.  [Kincaid's 
way  for  the  Salford  Tramways,  the  principal  feature  on  which  he 
laid  stress  was  the  direct-acting  spike  for  fastening  the  rail  to  the 
sleepers,  two  of  which  were,  from  opposite  sides,  driven  into  a 
plug  of  ash  in  the  upper  part  of  the  chair  01  stool.     This  fasten- 


ing has  been  found,  according  to  the  report  of  Mr.  A.  Jacob,  to 
give  way  by  the  breaking  up  of  the  wooden  plugs  by  the  wedging 
of  [he  spikes,  and  their  gradually  becoming  loose.  In  November, 
1879,  M'-  J^cob  introduced  a  method  of  fastening  in  which  a  pair 
of  soft  iron  cotters  were  substituted  for  the  wood  block  and  the 
spikes,  shown  in  Figs.  86  and  87     The  rails  are  punched  for  the 
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cotters,  and  square  holes  are  very  truly  formed  in  the  chairs. 
The  lower  cotter  is  inserted  when  the  rail  is  placed  in  position, 
and  the  upper  cotter  is  driven  home,  so  that  the  rail  is  pinched 
tightly  down  to  the  chair.  When  the  cotters  have  been  tightly 
driven  in,  their  ends,  being  of  very  soft  iron,  are  easily  turned 
over,  one  upwards,  the  other  downwards.  A  small  allowance  for 
longitudinal  play  is  made  in  the  holes,  to  admit  of  free  expansion. 

Under  the  chairs  Mr.  Jacob  laid  a  continuous  bed  of  concrete, 
under  each  rail,  along  the  whole  line,  and  6  inches  deep,  in  which 
the  bases  of  the  chair  are  embedded.  A  good  support  is  thus 
provided  for  the  intermediate  paving  next  the  rails.  The  sets 
are  now  supported  by  the  concrete,  on  a  layer  of  cinders,  for  a 
depth  varying  according  to  the  height  of  the  sets.  In  the  illus- 
trations 5 -inch  sets  are  shoAvn,  resting  on  a  cinder  bed  \\  inches 
thick. 

The  Welsh  sets  formerly  used  had  been  laid  J  inch  above  the 
level  of  the  rails,  to  make  allowance  for  wear.  But,  in  fact,  they 
did  not  wear  much  faster  than  the  rails ;  so  they  caused  great 
inconvenience  and  gave  rise  to  loud  complaints  of  damage  to 
wheeled  vehicles.  Scoriae  blocks,  made  from  blast  furnace  slag, 
were  substituted  for  the  Welsh  sets,  and  were  laid  next  the  rails, 
and  level  with  them.  They  wear  well  and  evenly,  worn  grooves 
were  obviated,  and  complaints  ceased. 

In  the  Kincaid  way,  recently  constructed  in  Salford,  Figs.  86  and 
87,  the  rails  were  of  iron,  faced  with  steel  to  take  the  wear,  rolled 
in  lengths  of  24  feet.  The  cost  was  not  much  increased  by  the 
facing,  and  the  duration  of  the  rails  was  expected  to  be  much 
augmented.  By  measurements  made  in  Salford,  Mr.  Jacob 
ascertained  that  where  the  traffic  on  the  old  rails  had  been  very 
heavy,  as  in  New  Bailey  Street,  iV  inch  in  thickness  had  been 
worn  off  the  tread  of  the  rails,  being  at  the  rate  of  '025,  or  A- inch 
per  year.  At  this  rate  he  estimated  a  life  of  19  or  20  years  for 
the  rails,  allowing  for  \  inch  of  vertical  wear  before  the  rails 
required  to  be  renewed.  The  rails  were  of  box  pattern,  ^\  inches 
wide  and  2\  inches  deep,  weighing  52  lbs.  per  yard.  The  tread 
is  I J  inches  wide,  the  groove  \\  inches,  and  the  guard  flange 
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\  inch  wide.  The  chairs  were  placed  3  feet  from  centre  to  centre. 
They  are  7 finches  high,  the  soles  are  14  inches  square,  and  the 
length  of  bearing  for  the  rails  is  3  inches  for  the  intermediate 
chairs,  and  10  inches  for  the  joint  chairs.  The  joint  chairs  weigh 
54}  lbs.  each,  the  intermediate  chairs  45 i  lbs.  each.  The  rails  are 
fastened  with  one  pair  of  cotters  to  the  intermediate  chairs,  and  with 
four  pairs,  two  to  each  rail,  to  the  joint  chairs.  The  cotters  were 
\  inch  wide.  The  chairs  were  hollowed,  and  were  solidly  packed 
with  concrete.  They  were  embedded  in  the  concrete,  which  is  laid 
in  two  continuous  lines,  one  under  each  rail,  18  inches  wide 
and  6  inches  deep.  Next  comes  a  i-inch  layer  of  sand,  and 
5 -inch  paving  upon  this,  with  pitch  grouting.  Mr.  Kincaid's  way, 
as  laid  by  Mr.  Jacob  in  the  manner  above  described,  gave,  it 
was  reported,  satisfaction.  The  first  section,  without  the  cotters, 
was  opened  March  18,  1879;  with  the  cotters  complete,  the  next 
section  was  opened  May  12, 1880. 

Quantities  and  Costs  of  Tramways,  laid  in  Salford, 
PER  Mile,  Single  Line,  under  Contracts  No.  5  and  6, 
DATED  December  2*],  1879. 

;^     s.      d.  ^        s.     d. 

Steel-faced  iron  rails,  52  lbs.  per  yard, 

81  tons  14  cwt.  I  qr.  4  lbs.  .  .  .  («i  8  5  o  674  2  10 
Cast-iron  chairs,  73  tons  6  cwt.  1  qr.  10  lbs.    ,,5     2    o        2n?i  ^1    ^ 

Cotters,  17  cwt.  i  qr.  4  lbs ,130  19  17    o 

Excavation  in  trenches,  587  cubic  yards  .  ,,  o  15  o  384  15  o 
Excavating  roadway,  taken  up  6  inches  in 

depth,  for  a  total  width  of  18  inches 

outside  the  rails ,,020         58  14    o 

Laying  single  line,  complete,  1,760  lineal 

years® ,,   o    o  11  80  13    ^ 

1,636  16    2 
Paving  with  Welsh  cyanite  sets,  including 

cinder  bed   and   pitch   grouting,   4,302 

yards ,,   o  12    o     2,581  16    o 

4,218  12     2 

Note. — The  costs  of  slag  blocks  and  granite  sets  are  nearly  equal. 

r  2 
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Kincaid's  System  (as  laid  by  Messrs.  Grover  and  Newton), 
Stockton-on-Tees  and  District  Tramways,  i88i. 

The  Stockton-on-Tees  Tramways,  4I  miles  in  length,  single 
line,  including  passing-places,  were  (May,  1881)  in  course  of 
construction,  to  a  gauge  of  4  feet,  under  the  direction  of  Messrs. 
J.  W.  Grover  and  J.  W.  Newton,  the  engineers  of  the  line. 
They  adopted  the  Kincaid  system  of  way,  in  the  recent  form, 
slightly  modified.  The  rails,  of  Bessemer  steel,  weighed  45  lbs.  per 
yard,  and  were  rolled  in  lengths  of  23  feet,  except  5  per  cent  of 
shorter  lengths.  They  are,  like  the  Barker  rail,  indented  on  the 
lower  side  of  the  head,  and  formed  with  a  central  web.  The  chairs 
give  a  bearing  6  inches  long,  for  the  sole  of  the  rail,  and  3  inches 
at  the  sides.  The  rails  are  fastened  to  each  chair  by  a  cotter 
of  Lowmoor  iron,  through  the  rail,  transversely.  The  sole  of  each 
chair  is  2  feet  loi  inches  long,  and  9  inches  wide — wide  enough 
to  afford  support  for  the  paving.  The  total  height  of  the  chairs 
is  5H  inches.  The  chairs  are  i  J  inches  apart  at  the  ends,  and  thus 
make  up  a  distance  of  3  feet  apart  beti^'een  centres.  But,  at  the 
joints,  the  chairs  are  placed  not  under  the  joint,  but  2  feet  apart 
between  the  centres,  and  are  shorter  accordingly.  The  joint  is  made 
with  iV-inch  wrought-iron  fish-plates,  13^-  inches  long,  and  four 
|-inch  bolts  and  nuts,  with  Grover's  elastic  washers.  The  fish- 
plates are  about  4  inches  deep,  underlapping  the  rails. 

The  rails  are  i  J  inches  wide  at  the  tread,  i  inch  at  the  groove, 
with  a  |-inch  guard  flange;  together  3  inches.  The  groove  is 
^  inch  deep,  the  w^eb  is  i  inch  at  the  lower  edge,  and  the  total 
depth  of  the  rail  is  3}  J  inches. 

Cross-ties,  of  2 -inch  angle-iron,  are  placed  at  9  feet  intervals, 
except  in  curves,  at  6  feet  intervals ;  passing  under  and  seizing  the 
chairs  by  means  of  clips,  the  outer  clips  being  riveted  to  the 
angle-irons,  and  the  inner  clips  bolted  to  them. 

The  trench  was  excavated  to  a  depth  of  12  inches  below  the 

surface,  for  a  width  of  about  7  feet  3  inches,  and  was  laid  with  con- 

*  Crete  5  J  inches  thick,  consisting  of  i  part  of  Portland  cement  in 

7,  or  one  part  of  lime  in  4.     The  excavated  macadam,  after  having 
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been  screened,  was  mixed  with  river  sand,  and  occasionally  with 
burnt  clinkers.  The  sleepers  were  laid  on  this  bed  of  concrete, 
after  which  the  contour  of  the  bottom  was  formed  with  a  thin  layer 
of  fine  concrete,  and  the  spaces  under  the  rails  were  filled  flush  with 
Portland  cement  concrete.  On  a  i-inch  layer  of  furnace  ashes 
the  paving  sets  are  laid,  consisting  of  whinstone,  5  inches  deep 
by  4  inches,  toothing  with  the  macadam  at  each  side.  The  paving 
was  grouted  with  lime  mortar,  and  finished  with  a  coating  of  furnace 
ashes. 


Quantities  per   Mile,  Single  Line,  of  Kincaid*s  System, 
Stockton-on-Tees  and  District  Tramways,  1881. 


Steel  rails,  45  lbs.  per  yard 

Cast-iron  chairs — 920  joint  chairs  55  lbs.  each 

2,760  intermediate  do.,  65  lbs.  each 


70 J  tons 


3,680     . 
Fish-plates,  920,  @  7^  lbs.  each    {. 
Angle-iron  ties,  612,  @  19^  lbs.  each 
Clips,  2,448;  and  rivets,  1,224 
}-inch  bolts  and  nuts,  for  fish-plates 
|-inch  bolts  and  nuts,  for  clips 


Total 


I02f   „ 

2     „ 

5i  M 
17  cwt. 
II 

5 


182  tons  13  cwt. 


Grover's  spring  washers  for  |-inch  bolts,  1,840 
Do.        do.         do.  f        do.        1,224 

Wrought-iron  cotters,  3,680. 
Excavation,  1,450  cubic  yards. 
Lime  concrete,  770    „        ,, 
Bed  of  sand,  or  fiimace  ashes,  1 12  cubic  yards. 
Portland  cement,  or  asphalte,  filling  under  the  rails. 
Whinstone  paving,  laid  complete,  3,960  square  yard.*:. 
Laying  the  way,  complete,  1,760  lineal  yards. 


CHAPTER  XVI. 

BARKER'S  SYSTEM.— MANCHESTER    CORPOR- 
ATION TRAMWAYS,  1877. 

The  first  contract  for  the  Manchester  Corporation  Tramways  was 
completed  on  the  8th  of  May,  1877,  and  opened  on  the  12th  of 
the  same  month.     It  consisted  of  three  sections  as  follows : — 

1.  I^wer  King  Street,  Bridge  Street;  leading  to  Salford  and 
Pendleton. 

2.  Deansgate ;  terminus  in  Manchester. 

3.  Hunt's  Bank.  Bury  New  Road,  to  the  City  boundary; 
leading  to  Higher  Broughton. 

The  total  length  is  2  miles,  comprising  half  a  mile  of  double 
way  and  li  miles  of  single  way,  with  six  passing  places.  The 
maximum  gradient  on  the  line  is  at  the  rate  of  i  in  40.  After  six 
months  of  working  the  line  in  Bury  New  Road,  it  was  found  that 
it  could  not  be  worked  with  advantage  as  a  single  line,  and  it  was 
proposed  to  lay  a  second  line  of  tramway  in  that  road  on  Barker's 
system.  The  application  of  this  system  was  to  be  extended  to 
other  lines  under  the  control  of  the  Manchester  Corporation.  The 
system  was  adopted  also  for  the  lines  of  tramway  at  Patricroft,  and 
for  hnes  to  Newton  Heath,  Levenshulme,  Openshaw,  and  other 
places. 

The  Manchester  lines  were  constructed  under  the  superin- 
tendence of  Mr.  J.  H.  Lynde,  C.E.,  on  the  system  of  iron  way 
shown  in  Figs.  88  and  89,  patented  in  March,  1876, by  Mr.  Benjamin 
Barker.     The  peculiar  features  of  this  system  are  the  longitudinal 
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cast-iron  sleepers,  which  afford  a  continuous  bearing  for  the  rail, 
and  for  the  adjoining  paving  sets ;  and  the  grooved  rail,  of  which 
the  lower  surface  is  indented  longitudinally,  and  is  formed  with  a 
central  flange  or  web,  by  which  it  is  fastened  by  cotters  to  the 
sleeper.  The  sleeper  is,  in  section,  like  the  ordinary  bridge-rail  in 
use  on  railways,  but  it  is  of  larger  dimensions.  It  consists  of  a 
hollow  vertical  portion,  3  inches  wide,  furnished  with  a  solid  head, 
formed  to  fit  and  to  carry  the  rail,  and  two  horizontal  flanges, 
about  4  or  4^  inches  wide,  making  in  all  a  broad  continuous  base 
12  inches  in  width.     The  total  height  of  the  combined  sleeper  and 


Fig.  88.    Manchester  Corporation  Tramways  : — Section  of  RaU  and 

Sleeper.     Scale  \, 


rail  is  7i  inches,  and  the  clear  height  above  the  flange-base  is 
6}  inches,  leaving  a  j-inch  space  for  bedding  under  the  paving 
sets,  which  are  6  inches  deep,  and  adjoin  the  rail.  The  sleepers 
are  cast  in  lengths  of  2  feet  iij  inches,  and  are  stiffened  by  two 
transverse  webs  between  the  vertical  ribs.  The  thickness  of  metal 
of  the  sleepers  is  \  inch,  except  for  the  flanges,  which  are  made 
i  inch  thick  at  their  roots,  next  the  vertical  ribs,  and  taper  in  thick- 
ness to  f  inch  at  their  edges ;  except  also  the  head  of  the  sleeper, 
which  is  sufficiently  massed  to  provide  a  solid  bearing  and  attach- 
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ment  for  the  rail,  and  a  vertical  wall  at  each  side,  as  an  abutment 
for  the  stone  sets.     The  castings  were  made  from  remelted  iron, 
containing  at  least  ^th  part  of  scrap.     Two  test  bars  were  cast  each 
day  that  any  of  the  castings  were  nin,  1  inch  wide,  i  inches  deep, 
and  3  feet  6  inches  long ;  one  of  which  was  tested  edgewise  on 
bearings,  3  feet  apart,  and  was  not  to  break  with  any  weight  less 
than  27  cwl.  applied  at  the  middle.     If  the  test-bar  failed  to  sus- 
tain the  test,  all  work  cast  from  the  same  melting  was  rejected. 
Each  sleeper,  2  feet  11 J  inches  in  length,  was  to  weigh  not  less 
than  137  lbs.;  or  for  a  length  reckoned  as  3  feet,  at  the  rate 
of  137  lbs.  i«r  lineal  yard.    The  position  of  the  holes  for  the  keys, 
cast  in  the  sleepers,  was  not  to 
vary  more  than  -jV  inch  from  the 
given  position. 

The  rails  were  rolled  of 
Bessemer  steel,  3  inches  wide, 
and  weighed  40  lbs.  per  yard. 
They  were  rolled  in  lengths  of 
18,  21,  and  24  feet  The  tread 
or  rolling  surface  of  the  rails  is 
1  j  inches  wide,  and  is  rounded 
with  nearly  i  inch  rf  rise ;   the 

Barker's  Rail.     Scale  J.  ii  inch   deep  below   the  summit 

of  the  tread.  The  side  of  the 
groove  next  the  rail  is  vertical,  the  bottom  of  the  groove  is 
i  inch  wide,  and  the  whole  of  the  taper  of  the  groove  is 
directed  towards  the  ledge.  The  lower  side  of  the  rail  is  longitu- 
dinaJIy  indented,  and  is  strongly  formed  with  inclined  flanks,  from 
which  the  central  web  depends.  The  web  is  i  inch  thick,  and  the 
total  depth  of  the  rail  amounts  to  3  inches.  The  indentations  of 
the  rail  fit  on  the  corresponding  wedge-formed  surfaces  of  the 
head  of  the  sleepers ;  and  the  rail  is  fastened  to  the  sleepers  by 
horizontal  cotters  of  hard  wrought  iron,  J  inch  by  J  inch,  slightly 
taper,  which  pass  right  through  the  flange  of  the  rail  and  the  head 
of  the  sleeper.    There  is  one  cotter  to  each  sleeper,  except  at  the 
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joints  of  the  rails,  where  there  is  one  cotter  extra  for  each  end. 
By  this  method  of  attachment  the  rail  is  secured  by  the  indented 
surfaces  against  lateral  displacement,  whilst  the  chief  function  of 
the  cotter  is  to  hold  it  down  to  the  sleeper. 

It  was  required  that  the  rails  should  be  manufactured  from  a 
mixture  of  the  best  English  hematite  brands  and  spiegeleisen, 
cast  into  ingots  of  sufficient  weight  to  make  one  or  more  rails. 
The  curved  rails  were  bent,  cold,  in  a  bending  machine  to  the 
required  radii.  The  flanges  of  the  rails  were  punched  for  the 
cotter  holes,  and  the  holes  were  required  to  be  within  iV  inch  of 
the  proper  position. 

The  way  was  laid  to  a  gauge  of  4  feet  8J^  inches,  with  an  inter- 
space 4  feet  wide  between  the  two  lines  of  a  double  way.  The 
new  pavement  is  not  confined  to  the  customary  breadth  of 
18  inches  outside  the  ways,  but  is  in  some  cases  laid  for  the  whole 
width  of  the  carriage  way  to  render  the  whole  of  the  surface 
uniform.  Allowing  for  purposes  of  comparison  the  usual  18-inch 
breadths  of  paving  outside  the  ways,  the  total  width  for  a  double 
way  is  made  up  thus  : — 

Ft.    Ins. 

Two  widths  of  gauge,  4  feet  8  J  inches  -95 

Interspace 40 

Two  breadths  of  18  inches 30 

Four  half- widths  of  rail  (1^  inches  X  4)  .        .         .06 


16  II 


The  sleepers  are  not  fastened  together,  but  are  fastened  \  inch 
apart  from  end  to  end,  and  make  up  intervals  of  3  feet  for  each 
straight  sleeper.  For  sharp  curves  the  sleepers  are  laid  in  shorter 
segments  18  inches  in  length.  Sleepers  have  been  cast  to  match 
curves  in  some  instances,  but,  it  is  said,  it  was  not  necessary  to  pro- 
vide sleepers  of  a  curved  form. 

The  roadway  was  excavated  to  a  uniform  depth  of  about 
8  inches.  The  bottom  of  the  excavation  was  taken  as  the  founda- 
tion for  the  sleepers,  as  the  ground  was  considered  to  be  sufficiently 
consolidated  to  support  the  tramway  with  its  extensive  bearing 
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surface  without  the  assistance  of  special  concrete  foundations.  The 
sleepers  were,  nevertheless,  for  the  purpose  of  packing,  bedded  on* 
a  I -inch  layer  of  rough  mortar.  Before  being  laid  they  were  filled 
with  rough  mortar.  The  mortar  was  composed  of  three  parts  of 
clinker  and  one  part  of  Ardwick  (hydraulic)  lime,  ground  in  a 
mill. 

The  rails  were  bedded  on  the  sleepers  in  gas  tar,  which  aids  in 
filling  up  any  chance  vacancies  between  the  sleepers  and  the  rails. 
The  flat  rails,  without  grooves,  were  only  laid,  as  outer  rails,  at  one 
curve  of  the  way,  having  a  radius  of  32  feet. 

The  paving  is  of  granite  sets,  3  inches  wide  and  6  inches  deep, 
laid  on  a  2 -inch  bedding  of  small  gravel  or  old  macadam.  The 
joints  were  filled  in  with  pea-gravel,  or  small  granite  chips,  and 
grouted  with  a  boiling  mixture  of  pitch  and  creosote,  on  the  system 
which  has  for  years  been  practised  in  laying  pavement  in  Man- 
chester.'^ 

The  contractors  were  required  to  replace  any  sleepers  or  rails 
found  to  be  defective  for  a  period  of  twelve  months  after  the 
work  was  completed.  Pa3rments  were  made  at  intervals  to  the 
extent  of  80  per  cent,  of  the  value  of  the  work  executed ;  the 
balance  was  payable  at  the  expiration  of  three  months  after  the 
completion  of  the  work. 

In  one  mile,  single  line,  of  Mr.  Barker's  system  of  tramway,  as 
laid  in  Manchester,  there  are  215  tons  of  cast-iron  sleepers  and 
63  tons  of  steel  rails.  Of  the  mortar  bedding  for  the  sleepers 
40  tons  per  mile  was  used.  The  price  of  the  rails,  delivered,  was 
£fi  per  ton,  and  that  of  the  sleepers  was  £^1  4s.  6d.  per  ton.  The 
mortar  bedding  cost  7s.  6d.  per  ton,  delivered  on  the  ground.  The 
total  cost  for  materials  and  labour,  to  remove  the  old  paving,  pre- 
pare the  bed  for  the  sleepers  with  a  layer  of  rough  mortar  i  inch 
thick,  and  lay  in  the  tramway  complete  (exclusive  of  all  charge  for 
paving),  was  ;;^2,320  per  mile,  single  line.  The  annexed  is  a  cost 
list  comprising  the  items  of  cost  in  a  tabular  form :  — 

•  For  an  account  of  the  Manchester  system  of  paving,  see  Con- 
struction of  Streets  and  Roads,  1877.     Crosby  Lockwood  &  Son. 
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Manchester  Corporation  Tramways,  Barker's  System, 

Cost  per  Mile,  Single  Line. 


215  tons  cast-iron  sleepers 

63  tons  steel  rails,  40  lbs.  per  yard 

1,760  lineal  yards,  labour,  mortar  bed,  and 

royalty 

Wedge  keys       .... 
Carting  the  materials  (iron  only) 


Cost  of  way 
4,400  square  yards  of  paving 

Total 


£ 

s. 

d. 

£ 

s. 

d. 

€'    5 

4 

6 

^^^}^ 

7 

6 

„    8 

0 

0 

504 

0 

0 

,,   0 

7 

3 

638 

0 

0 

25 

0 

0 

»» 


O    12 


29  12  6 

2,320  O  O 

2,640  O  O 

;^4,96o  o  o 


At  Leeds,  in  1878,  about  4  miles  of  Barker's  tramways  were  laid, 
of  three  different  sections:  ist,  the  section  for  6-inch  paving, 
having  a  rail  of  40  lbs.  per  yard  and  sleepers  of  137  lbs. ;  2nd,  the 
section  for  5-inch  paving,  with  sleepers  of  102  lbs.  and  rails  of 
34  lbs.  per  yard ;  3rd,  the  section  for  4-inch  paving,  with  sleepers 
of  90  lbs.  and  steel  rails  of  34  lbs. 

In  the  Barton,  Eccles,  Winton,  and  Monton  district,  at  Patri- 
croft,  near  Manchester,  Barker's  system  was,  in  1878,  laid  for  a 
length  of  3i  miles,  with  40-lb.  steel  rails  and  135-lb.  sleepers  for 
6-inch  paving.  The  line  of  tramway  cost  about  ;£'4,ooo  per  mile. 
The  total  cost  for  construction  and  all  incidental  charges  amounted 
to  ;^i  7,200.  The  tramway  was  leased  to  Messrs.  Turton  and 
Busby. 

At  Wallasey,  near  Liverpool,  a  line  of  about  4  miles  in  length 
was  laid,  in  1879,  for  4-inch  paving,  with  34-lb.  steel  rails  and 
90-lb.  sleepers.  This  line  was  laid  by  the  engineer  of  the  tramway, 
Mr.  C.  H.  Beloe,  who  states  the  cost  per  mile,  single  line,  as 
follows : — 


Laying  tramway  rails,  concrete,  &c.  . 
4-inch  granite  cubes  .... 
Paving 


£  s.  d. 

2,031  6  8 

1,144  o  o 

608  13  4 


Total 


;^3,784    o    o 
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Shaw's  System. — Rusholme,  Manchester,  1880. 

This  is  a  metal  way,  in  which  the  rails  are  laid  on  chairs  or 
stools,  which  are  cast  solid  in  pairs  upon  long  cast-iron  sleepers. 
The  rails  are  spiked  to  the  stools. 

Mr.  J.  C.  Shaw's  system  is  here  illustrated,  Figs.  90  and  91,  as 
laid  at  Rusholme.     The  cast-iron  sleepers  are  made  in  lengths  of 


*    iL'^llV-.V. 


V 
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Fig.  90.     Shaw's  Way,  Rusholme.     Scale  t^. 

4  feet,  and  1 1  inches  wide  at  the  base,  laid  i  inch  apart  longi- 
tudinally. Each  sleeper  is  formed  with  two  standards  or  pedestals 
to  can-)'  the  rail,  placed  at  2  feet  6  inches  apart  between  centres, 
or  about  half  the  length  of  the  sleeper.  The  middle  portion  of 
the  sleeper,  between  the  standards,  is  open,  and  is  bordered  with 
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FiG.  91.     Shaw's  Way,  Rusholme. — Rail  and  Sleeper.     Scale  A- 


two  stiffening  flanges.  Each  sleeper  weighs  117  lbs.  The  rails, 
of  steel,  weigh  45  lbs.  per  yard,  and  are  of  the  ordinary  box  section, 
3  inches  wide,  through  the  side  flanges  of  which  they  are  spiked  to 
the  standards,  into  which  hardwood  plugs  are  driven  to  receive  the 
spikes,  one  spike  from  each  side,  as  in  Mr.  Kincaid's  early  fasten- 
ing. To  the  joint  standards  the  end  of  each  rail  is  secured  by  two 
pairs  of  spikes ;  at  the  intermediate  standards  one  pair  of  spikes 
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is  employed.  The  length  of  bearing  of  the  rails  on  the  joint 
standards  is  9  inches,  and  on  the  other  standards  4f  inches.  It 
is  stated  that  the  rails  have  been  tested  with  a  load  of  7  tons  at  the 
centre  of  a  span  without  any  perceptible  deflection.  The  sleepers 
are  bedded  on  two  continuous  lines  of  concrete,  15  inches  wide  and 
5  inches  deep,  one  under  each  line  of  sleepers.  The  spaces  under 
the  sleepers  are  completely  filled  with  fine  concrete,  which  is 
packed  upon  the  basement  of  concrete  through  the  openings  in  the 
soles  of  the  sleepers,  and  so  bonding  the  sleepers  to  the  beds. 

The  general  level  of  the  floor  of  the  excavation,  excepting  the 
trenches,  is  8  inches  below  the  surface  of  the  ground,  as  the  paving 
sets  are  laid  direct  on  the  subsoil.  The  paving  adjacent  to  the 
rails  is  supported  directly  on  the  base  of  the  sleepers. 


Quantities  and  Costs  of  Shaw's  Way,  per  Mile 

Single  Line,  i88a 

Rails^  45  lbs.  per  yard,  70  tons 
Sleepers,  70  lbs.  per  yard,  no  tons 

Spokes,  14  cwt 

Wooden  plugs,  6,160     . 
Concrete,  204  cubic  yards 
Excavation,  204  cubic  yards 
Surface  excavation,  8  inches  deep,  1,109  cubic 
yards 


Total  cost  of  way     . 
Paving",  4,694  square  yards   . 

Total  cost  of  way  and  paving  . 


£ 

s. 

d. 

@  £11 

770 

0 

0 
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16 
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dnuously,  and  so  as  to  break  joint  with  the  rails.  The  rails  are 
secured  to  the  base-plate  by  i-inch  cotter  bolts  and  cotters,  at 
intervals  of  2  feet,  on  alternate  sides  of  the  rails.  The  gauge  is 
fixed  by  means  of  tie-bars,  ij  inches  deep  and  \  inch  thick,  ha\ing 
screwed  ends  J  inch  in  diameter,  and  lock-nuts  through  the  web 
of  the  rails,  placed  ii  feet  apart  The  rails  are  in  lengths  of 
34  feet  and  are  fished  with  steel  plates,  16  inches  long,  and  four 
J  inch  bolts  and  nuts. 

The  contract  for  the  rails,  plates,  and  fastening,  laid  complete, 


was  let  to  Messrs.  Ridley  and  Company  at  ;£a,ooo  per  mile, 
single  line,  inclusive  of  the  extra  material  and  labour  for  points 
and  crossings  and  curves.  The  items  in  detail  are  here  given  as 
stated  by  the  contractors.  In  the  last  two  columns  are  added,  by 
the  author,  the  estimated  net  quantities  and  costs  per  mile,  single 
line,  exclusive  of  such  extras  : — 
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Quantities  and  Costs  per  Mile,  Single  Line,  of  Winby 
AND  Levick's  System.— Nottingham  and  District  Tram- 
ways, 1878. 


Grots 

Gross 

Net 

Net 

weight. 

cost. 

weight. 

cost. 

Steel  rails,    58  lbs. 

per  yard 

92  tons<i;^io  lOS. 

966 

91  tons 

956 

Wrought-iron   base- 

plates 12  in.  x^  in. 

50     »     »»  L'^ 

400 

47      »» 

376 

Fish-plates 

5    »1 

Fish-bolts 

075          M 

Cotter  -  bolts      and 

150 

6    „ 

120 

cotters . 

175          .. 

Tie-bars  . 

175      v/l 

i49'25 

1. 516 

144 

i»452 

Excavation,  4.694  square  yards  „  is.  6d. 

353 

353 

Ikying  1,760  lineal  yards          .  „  is.  6d. 

13* 

132 

Total  cost  for  way 

2,001 

^937 

Paving  by  the  Tramway  Com- 

pany, 4,858  square 

yards 

,,  IDS.  6d. 

2.550 

2»550 

Total  for  way  and  paving .        .        •     ;£4»55i  £^A^1 


Newcastle-upon-Tyne,  1879. 

A  length  of  5  miles  6  J  chains,  of  Winby  and  Levick's  way,  was 
laid  in  Newcastle  by  Messrs.  Ridley  and  Co.,  in  1879—80,  to  a 
gauge  of  4  feet  8i^  inches.  Of  this  length,  about  2  miles  was 
double  way  and  3  miles  single  way.  The  rails  weighed  65  lbs.  per 
yard.  The  base-plates  are  12  inches  wide  and  J  inch  thick.  With 
iish-plates  and  tie-rods  the  gross  weight  of  material,  inclusive  of 
points  and  crossings,  was  181  tons  per  mile,  single  line ;  and  the 
cost,  including  the  charge  for  laying,  amounted  to  £^\  4s.  id.  pen 
yard,  or  ;£2,ii9  per  mile,  single  line,  paving  not  included. 


CHAPTER  XIX. 

WILSON'S  SrSTEAf. — SOUTHAMPTON  STREET 
TRAMWAFS,  1878. 

Mr.  Edward  Wilson,  the  engineer  of  the  Southampton  Street 
Tramways,  on  a  gauge  of  4  feet  SJ  inches,  arranged  an  adap- 
tation of  the  central  web  rail,  Figs.  95  and  96,  with  cast-iron 
chairs,  resembling  in  cross  section  Barker's  sleepers,  laid  on  con- 
crete. The  rails.  Fig.  97,  are  of  Bessemer  steel,  weighing  55  lbs. 
per  yard,  in  ruling  lengths  of  24  feet  The  head  of  the  rail  is 
1 J  inches  wide,  the  groove  is  li  inches  wide  at  the  surface,  and 


Fios.  9S  and  96.    Wtkon's  Wty,  Sontbunpton.    Scale  it. 


the  guard-flange,  though  it  is  something  more  massive  than  a 
flange  is  supposed  to  be,  is  \  inch  wide  at  the  surface,  mak- 
ing altogether  a  width  of  3!^  inches.  The  depth  of  the  rail  is 
3it  inches.  The  flange  is  tapered  to  A  inch  in  thickness  at 
the  lower  edge.    The  raxX  takes  a  square  bearing  on  the  chair. 
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The  joint  chairs,  Fig.  98,  weigh  66  lbs.  each,  and  the  interme- 
diate chairs  58  lbs.  each  ;  the  soles  of  all  the  chairs  are  11  inches 
wide  and  iti  inches  long,  and  the  total  height  of  tt^e  chairs  is 
5 i  inches.  The  length  of  seat  for  the  rails  is  11  inches  in  the 
joint-chairs  and  8  inches  in  the  others.  The  chairs  are  placed 
at  3  feet  distance  from  centre  to  centre,  and  are  fastened  to  the 
rails  with  two  steel  cotters  intermediately,  and  four  colters  at  the 
joints ;  the  cotters  are  3  inches  long,  iV  inch  thick  and  taper. 
The  chairs  are  tied  to  gauge  uansversely  by  wrought-iron  tie-bars 
i(  inches  deep  by  i  inch  thick ;  these  are  let  into  recesses  cast 


M 


in  the  chairs,  and  being  notched  on  the  lower  side,  are  dropped 
upon  a  corresponding  elevation  on  the  bottom  of  each  recess,  then 
secured  in  position  by  keys. 

A  trench  8  feet  wide  was  excavated  for  one  line  of  rails,  to  a 
uniform  depth  of  15  inches  for  the  routes  of  heavy  city  traffic,  and 
10^  inches  for  the  routes  of  light  traffic,  increased  to  15  inches  under 
the  rails  for  a  width  of  12  inches  under  each  rail,  forming  trenches 
there.  A  bed  of  concrete,  9  inches  deep,  is  laid  in  the  heavy 
routes,  for  the  whole  width,  and  in  the  trenches  only  for  the  light 
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routes.  In  the  shallower  portions  of  the  excavation  for  the  light 
routes  the  concrete  is  laid  ^^  inches  deep,  making  up  a  flush 
surface  for  the  paving.  The  soles  of  the  chairs  are  let  flush  into 
the  concrete,  and  uniformly  bedded  on  a  thin  layer  of  cement. 
The  concrete  is  composed  of  s  parts  of  clean  sharp  gravel, 
or  of  stones  broken  to  a  i-inch  gauge,  2  parts  of  clean  sharp  sand, 
and  I  part  of  Portland  cement,  weighing  not  less  than  no  IbsL 
per  striked  bushel. 

The  space  between  the  rails  is  closely  filled  with  fine  Portland 
cement  concrete  in  the  proportion  of  4  parts  of  fine  gravel  to 
I  part  of  cement 

A  layer  of  sand,  i  inch  thick,  was  laid  on  the  concrete  to  bed  the 
paving  sets.  The  sets  are  of  granite,  from  3^^  inches  to  4  inches 
wide;  those  next  the  rails  are  6  inches  deep,  of  blue  Guernsey 
granite;  the  others  are  5  inches  deep,  of  Welsh  or  Cornish  granite. 
The  paving  was  grouted  with  liquid  mortar  made  with  six  parts  of 
fine  sand  and  one  part  of  lias  lime.  It  was  laid  \  inch  above  the 
level  of  the  rails.    A  portion  of  the  work  is  paved  with  wood. 

Quantities  per  Mile,  Single  Line,  of  Wilson's  Way,  South- 
ampton Street  Tramways,  1878. 

Routes  of  Heavy  City  Traffic : — 

Rails,  55  lbs.  per  yard        .        .        .        86-4  tons. 


Chairs,  3,070  single,  450  joints 
Tie -bars  .... 
Keys  and  cotters 
Excavation .... 
Concrete  .... 
Cement  filling  under  rails  . 
Granite  pitching 


93*8    .> 

3'5     ff 
1-6    ,, 

1,955-2  cubic  yards. 
1.173*2        „ 
50'6 

4,351  square  yards. 


CHAPTER  XX. 

DUGD ALE'S  SYSTEM.— HUDDERSFIELD  CORPORA- 
TION TRAMWAYS  (INNER  CIRCLE),   1881. 

The  metal  system,  Fig.  99,  of  Mr.  R.  S.  Dugdale,  the  borough 
surveyor,  adopted  for  the  original  tramways  of  Huddersfield,  com- 
prising 10  miles  of  single  way,  was  laid  to  a  gauge  of  4  feet 
7i  inches,  in  order  that  railway  waggons  might  be  run  over  the 


Fig.  99.    Dagdale*s  Way,  Haddersfitld.    Scale  )^. 

lines  to  the  suburban  districts  of  the  borough.  As  in  the  case 
of  the  Vale  of  Clyde  Tramways,  the  waggons  were  designed  to 
bear  on  their  flanges,  which  take  a  bearing  on  the  floors  of  the 
grooves ;  whilst,  of  course,  the  tramcars  run,  as  usual,  on  the 
treads  of  the  rails.  For  this  double  purpose,  the  section  of  the 
rails,  Fig.  100,  was  specially  designed  to  combine  strength  and 
durability ;  providing  a  sufficient  thickness  of  metal  and  strength 
under  the  groove,  where  the  principal  load  is  to  be  taken,  and  a 
wedge-form  bearing  surface  to  rest  on  the  sleepers,  chairs,  or 
bearers.  The  groove  is  i  J  inches  wide  at  the  surface,  and  J  inch 
in  depth ;  the  tread  is  i^  inches  wide,  the  guard  flange  \  inch 
wide;  making  the  total  width  of  rail  3^  inches.  The  web  is 
\  inch  thick  at  the  lower  edge,  and  the  total  depth  of  the  rail  is 
3^  inches.    The  rails  are  of  steel,  weighing  43  lbs.  per  yard,  in 
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lengths  of  13,  15,  18,  az,  37,  and  30  feet,  of  which  70  per  cent. 
are  34  feet  long.  In  the  web  of  each  rail,  sixteen  rectangular  holes 
I  inch  wide  and  i  inch  deep  are  punched,  to  receive  the  cotters ; 
two  holes  near  each  end,  to  make  the  joint,  and  the  others  in 
couples,  a  couple  for  each  intermediate  bearer.  The  guard  flange 
is  corrugated,  14  indents  to  the  foot.  The  bearers,  of  cast  iron, 
shown  to  an  enlarged  scale,  Fig.  loi,  weighing  80  lbs.  each,  are 
open  or  frame-like ;  and  are  formed  with  a  sole  25  inches  long, 
10  inches  wide,  and  i  inch  thick.  The  body,  or  upper  part,  is 
18  inches  in  length,  and  the  width  of  the  rail  is  3}  inches.  It 
stands  3  inches  high,  and  the  bearing  surface  is  foimed  trough- 


like to  lodge  the  rail  securely.  The  base  is  hollowed  out,  and  the 
vacuity  opens  into  the  hollow  space  in  the  body.  One  pattern  of 
bearer  is  used  for  the  joints  and  the  intermediate  supports,  and  each 
bearer  is  cast  with  six  cotter  holes.  Eight  bearers  are  laid  for  each 
34  feet  lengths  of  rail,  and  they  are  placed  at  uniform  distances 
apart,  3  feet  between  centres.  The  rails  are  fastened  to  the  joint 
bearers  by  four  cotters,  through  the  four  inner  holes,  two  to  each 
end  of  the  rails ;  and  to  the  intermediate  bearers  by  two  cotters 
passed  through  the  two  extreme  holes.  The  cotters,  or  "  spikes," 
are  of  soft  flat  iron,  J  inch  wide ;  they  are  double,  with  reverse 
taper,  and  are  driven  in  from  opposite  sides,  so  as  to  wedge  down 
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the  rafl  upon  its  seat.  "  Softening,"  a  kind  of  tarred  felt,  in  thin 
sheets,  is  placed,  after  having  been  gently  heated,  in  the  grooves 
of  the  bearers,  so  that  all  the  bearing  surfaces  are  covered  with  it, 
before  the  rails  are  placed,  in  order  to  absorb  vibration. 

The  roadway  was  excavated  to  a  depth  of  (i\  inches  below  the 
level  of  the  rails,  for  the  paving,  and  two  trenches  were  cut,  one 
under  each  rail,  18  inches  wide,  and  13^^  inches  below  the  level  of 
the  rails,  to  receive  the  two  continuous  beds  of  concrete,  7  inches 
deep.  The  concrete  is  composed  of  4  parts  of  clean  sharp 
gravel  or  broken  stone  to  a  i^-inch  ring  gauge,  and  i  part  of 
best  Portland  cement.  The  bearers  are  embedded  in  the  concrete 
for  a  depth  of  2\  inches,  the  open  spaces  in  the  body  of  the 
bearers  and  between  them  under  the  rails  are  well  packed  with 
concrete,  finished  with  vertical  sides  flush  with  the  sides  of  the 
bearers. 

The  paving  consists  of  granite  sets,  6  inches  deep,  from  Ros- 
sendale  Valley,  Yorkshire,  bedded  on  a  J-inch  layer  of  fine  clean 
mill  ashes.  They  are  racked  with  fine  granite  chippings,  and 
grouted  with  hot  pitch. 

Quantities  and  Costs,  per  Mile,  Single  Way,  of  Dugdale's 
System,  Huddersfield  Corporation  Tramwavs,  1881. 

Bessemer  steel  rails,  43  lbs.  per  yard,  67*12 
tons @ 

Cast-iron  bearers,  80  lbs.  each,  12570  tons  ,, 

Wrought-iron  fastening  spikes,  i  ton         .  ,, 

Tarred  felt  softening,  1,760  lineal  yards     .   ,, 

Taking  up  pavement  or  macadam  for  a 
width  of  8  feet,  cutting  two  trenches  for 
concrete  foundations,  laying  foundations, 
rails  and  bearers,  ready  for  paving,  in- 
cluding cartage  for  all  materials,  1,760 
lineal  yards •  @  o    4    9 

Total  for  way        •        • 
Paving,  6  inches  deep,  8  feet  wide,  com- 
plete, 1,760  lineal  yards  •        •        •        •©0169, 

Total  for  way  and  paving      •  jf  2,939  14    i 
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In  1 89 1 — 92,  ten  years  after  the  first  contract  was  let  for  the 
original  line  above  described,  the  Huddersfield  Tramways  were 
reconstructed  and  extended,  with  steel  girder  rails,  weighing  100  lbs. 

per  lineal  yard,  as  shown  in  Figs.  102  and  103. 
The  rail  is  7  inches  high,  7  inches  wide  over  the 
flange-base,  with  a  i^«-inch  web.  The  base  is  f  inch 
thick  at  the  edges,  t  inch  near  the  web.  The 
guard-fillet  is  f  inch  wide  at  the  surface.  The 
rails  are  laid  to  the  railway  gauge,  4  feet  8^  inches, 
secured  to  gauge  by  wrought-iron  tie-bars,  2  inches 
by  J  inch  thick,  fixed  at  from  9  feet  to  12  feet 
apart,  screwed  for  a  nut  and  a  jam-nut,  i  inch  in 
diameter  at  one  end,  and  notched  at  the  other 
end  to  lock  with  the  web  of  the  rail.  The  joints 
are  fished  with  two  steel  flanged  fish-plates  (Dug- 
dale  and  Pogson's  patent)  i  inch  thick,  24  inches 
long,  and  six  i-inch  bolts  with  self-locking  nuts. 
The  joint  is,  in  addition,  strengthened  by  means 
of  a  ^-inch  iron  sole-plate  12  inches  wide,  and 
equal  in  length  to  the  fish-plates,  screwed  to  the 
flanges  of  the  rail  and  fish-plates  >vith  eight  }-inch 
bolts  and  self-locking  nuts.  The  rails  are  laid  upon 
a  continuous  bed  of  strong  cement  concrete  7  inches 
deep,  8  feet  wide.  The  space  between  the  rails 
and  for  a  width  of  18  inches  outside  is  paved  with 
granite  sets,  the  outer  edge  of  the  marginal  pave- 
ment being  serrated  every  two  courses  of  sets. 

The  lengths  of  the  rails  as  manufactured  were 
24  feet,  26  feet,  28  feet,  and  30  feet,  of  which 
90  per  cent  were  30  feet  long.  The  number 
of  24-foot  rails  did  not  exceed  5  per  cent  of 
the  total  number.  The  scheme  of  tests  was  as 
follows  i^Fake  at  least  four  pieces  of  rail  5  feet 
long,  from  each  day's  make,  and  place  them  on  solid  bearings 
3  J  feet  apart,  the  ends  to  be  securely  fixed  and  properly  bedded  ; 
to  stand  the  following  tests ;  ist  By  suspending  a  dead  weight 
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c^  15  tons  from  the  centre  between  the  bearings;  each  sample 
to  support  this  load  for  half  an  hour  without  exhibiting  a  greater 
deflection  than  Vr  inch,  or  any  pennanent  set  exceeding  iV  inch, 
and.  By  a  weight  of  i,iJo  lbs.  (10  cwt.)  falling  in  proper  guides 
upon  the  centre  of  each  sample  from  a  height  of  zo  feet  without 
breakage  of  the  sample.  Each  bolt  was  to  be  of  the  B  B  qualit}', 
and  to  be  capable  of  resisting  a  tensile  stress  of  iS  tons  on  a 
circular  section  i  inch  in  diameter. 


Mr.  Dugdale's  most  recent  design  of  way,  above  described,  is 
notable  for  the  elaborate  construction  of  the  fish-joints,  specially 
in  order  to  secure  strength  and  solidity  at  the  junctions.  The  cost 
of  coDsCttiction  of  the  way  was  about  ;^4,ooo  per  mile,  single  line. 


CHAPTER   XXI. 

BRUNTON'S  SYSTEM.— CITY  OF  OXFORD  AND 

DISTRICT  TRAMWAYS. 

The  Oxford  Tramways  were  laid  to  a  gauge  of  4  feet,  with  an 
interspace  for  double  ways  of  3  feet  between  the  rails. 

The  rail,  Fig.  104,  was  of  Bessemer  steel,  weighing  67  lbs.  per 


n 


Fig.  104.    Bninton's  Way,  Oxford. — ^Raii  and  Fastening.    Scale  \m 

• 

yard,  of  the  Brunei  rail,  or  bridge  rail  section,  4I  inches  high, 
3  inches  wide  at  the  surface,  and  6  J  inches  wide  at  the  base,  rolled 
to  the  standard  length  of  18  feet.  The  tread  is  i  J^  inches  wide, 
the  groove  i  inch  wide,  and  the  guard  flange  i  inch  thick.  The 
sides  are  i\-  inch  thick,  and  the  flange  base  f  inch.  The  tread 
has  a  minimum  depth  of  i  inch.  The  rails  are  laid  on  cast-iron 
chairs  at  the  joints,  9  inches  long,  and  8}  inches  wide,  consisting 
of  a  flat  plate  i  inch  thick ;  with  raised  edges  between  which  the 


OXFORD  TRAMIVAYS.  267 

base  of  the  rail  is  laid,  and  a  central  oblong  stud,  2]-  inches  wide 
and  6  inches  long,  over  which  the  ends  of  the  rails  are  laid,  and 
by  which,  like  a  key,  they  are  kept  in  position,  true  to  each  other. 
The  Ttuls  are  held  and  locked  down  by  a  wrought-iron  fish- 
plate, of  the  same  length  as  the  chair,  z  inches  wide  and  }  inch 
thick,  overlapping  the  flange  of  the  rail,  and  fastened  by  three 
1-inch  bolts  and  nuts  to  the  chair.  The  nuts  are  Halpin's  lock 
nuts ;  a  gauge-lie,  of  bar-iron,  2  inches  by  ft  inch,  having  the 


Figs.  105  and  106.    BruDlon's  Way,  Oxford.    Scale  A. 

ends  turned  up  and  passed  into  apertures  cast  in  the  chair,  is 
fastened  to  each  ch^r  and  its  opposite  neighbour  by  the  middle 
one  of  the  three  bohs  by  which  the  fish-plates  are  fixed. 

The  plan  of  the  way  is  shown  in  Figs.  105  and  106.  The  ground 
is  excavated  to  a  depth  of,  say,  10  inches  below  the  surface,  for  a 
width  of  7  feet  3  inches  for  single  lines,  and  i4i  feet  for  double 
lines.  A  bed  of  concrete  is  laid  on  the  bottom  of  the  excavation 
for  the  whole  width  4^  inches  deep ;  except  at  the  rails,  where  it 
is  made  up  to  a  depth  of  6  inches.     The  concrete  consists  of 
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one  part  of  Portland  cement,  2^^  parts  of  clean  sharp  sand, 
and  5i  parts  of  gravel  or  broken  stone.  The  paving  is  of 
granite,  5  inches  deep.  At  each  side  of  each  rail,  a  longitudinal 
course  of  sets  is  laid,  specially  fitted  closely  and  truly,  and  made 
to  bed  evenly  on  the  flanges  of  the  rails.  This  longitudinal 
paving  may,  as  an  alternative,  be  of  wood, — Norway  pitch  pine. 
The  paving  is  laid  on  a  bed  of  sharp  sand.  The  whole  of  the 
paving,  except  the  longitudinal  blocks  next  the  rails,  is  to  be 
thoroughly  grouted  with  liquid  mortar,  composed  of  six  parts  of 
sand  to  one  of  fresh  lias  lime.  Before  the  grout  sets,  the 
paving  is  rammed  evenly  with  wooden  beaters ;  after  which  the 
interstices  are  finally  filled  up  with  grout  The  longitudinal 
blocks  are  not  rammed.  At  the  time  of  first  grouting,  above 
noticed,  they  are  to  be  thoroughly  grouted  with  thin  cement 
mortar,  composed  of  six  parts  of  sand  to  one  part  of  Portland 
cement,  so  as  to  completely  fill  up  all  the  interstices  below  the 
blocks,  or  between  them  and  the  rail,  flanges,  or  the  bed  of 
concrete.  The  joints  between  the  courses  of  the  sets  at  the 
tie-bars  are  filled  with  fine  gravel,  or  fine  stone  chippings,  and 
grouted  with  thin  cement  mortar.  All  spaces  between  the  sides 
of  the  paving  and  macadam  or  the  soil  are  to  be  filled  with  gravel 
and  macadam,  and  thoroughly  rammed  before  the  final  grouting 
of  the  paving. 

Quantities  per  Mile,  Single  Line,  of  the  City  of 
Oxford  and  District  Tramways,  1881. 


Excavation 

Concrete  .... 
Rails,  67  lbs.  per  yard 
Joint  chairs,  22\  lbs.  each 
Fish-plates,  i|  lbs.  each  . 
Gauge  ties,  9  lbs.  each  . 
Bolts  and  nuts,  ^  lb,  each 

Total  weight  of  metal 


1,175  cubic  yards. 

587 

105  tons  6  cwt. 

6  tons. 

9  cwt. 

24    ., 

8 


»i 


113  tons  7  cwt. 


: 


« 


CHAPTER  XXII. 

VIGNOLE^  SYSTEM,— NORTH  LONDON  SUBURBAN 
TRAMWAYS.— NORTH  STAFFORDSHIRE 

TRAMWAYS. 

Mr.  Henry  VIgnoles'  system  was  laid  for  the  North  London 
Suburban  Tramways,  Tottenham  ;  and  for  the  North  Stafford- 
shire Tramways,  Stoke-upon-Trent,  to  a  gauge  of  4  feet  8^  inches^ 
as  illustrated  by  Figs.  107    and  108.     The  rail  and  chair  are 


Figs.  107  and  108.    Vignoles'  Way,  Tottenham  and  Stoke.     Scale  if^. 


shown  in  section,  Fig.  109.  The  rails  are  of  steel,  made  with 
a  central  web,  weighing  \2\  lbs.  per  yard.  The  whole  depth  of  the 
rail  is  5  inches.  The  web  is  f  u^ch  thick  at  the  lower  edge. 
The  chairs  are  placed  on  cross-sleepers  at  2  feet  6  inches  apart 
between  centres.    The  joint  chairs  weigh  23  lbs.  each ;  they  give 
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a  bearing  lo  inches  in  depth,  and  are  fastened  with  four  J-inch 
bolts  and  nuts  to  the  sleepers,  and  two  bolts  and  nuts  to  the  rails. 
The  inteimediate  chairs  weigh  ii  lbs.  each ;  they  give  a  bearing; 
5  inches  in  length,  and  are  each  fastened  with  two  bolts  and  nuts 
to  the  sleepers,  and  one  bolt  and  nut  to  the  rails.  A  bearing 
plate  is  inserted  between  the  nul  and  each  chair,  the  upper  part  of 
which  is  curved  to  fit  under  the  head  of  the  rail,  and  the  lower 
part  is  formed  with  a  fillet,  which  fits  under  the  web  of  the  rail 
The  funcrion  of  this  plate  is  not  obvious,  except  at  the  joints  of 
the  rails,  where  it  acts  as  a  fish.     The  sleepers  are  6  feet  long. 


Fio.  109.     Visnoles'  Way,  Tottenham  and  Stoke.— Rail.    Scale  (. 

4  inches  deep,  12  inches  wide  at  the  jomts,  and  7  inches  inter- 
mediately. They  are  bevelled  inwards  from  the  lower  side.  The 
depth  excavated  is  ta^  inches  for  the  whole  width.  A  i-inch 
layer  of  fine  gravel  concrete  is  laid  on  the  floor  of  the  trench  ; 
then  a  i-inch  layer  of  sand,  on  which  the  sleepers  are  bedded. 
Around  and  above  the  sleepers  hydraulic  concrete  is  deposited  for 
a  depth  of  5^  inches,  topped  with  a  i<inch  layer  of  sand  and 
cement,  on  which  a  paving  of  4-inch  cubes  is  laid. 

Mr.  Vignoles  gives  the  following  estimated  cost  pei  mile,  single 
line:— 
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Quantities  and  Costs  "of  Vignoles*  Way,  per  Mile, 

Single  Line,  1881. 

£       8.  d. 

Steel  rails,  42J  lbs.  per  yard,  70  tons  .  •  @  ;f  9  630  o  o 
Wrought-iron  fish-plates,  6  lbs.  and  3  lbs. 

each,  6  tons ,,  £i  42    o  o 

Cast-iron  chairs,  23  lbs.  and  12  lbs.  each, 

23  tons >»  jf  5  115    o  o 

Bolts,  nuts,  and  washers,  5^  lbs.,  and  i\ 

lbs.  for  each  chair,  5  tons        •       -..        .  ,,£20  100    o  o 

Joint  sleepers,  250      •        .   .     .  :      .        .  ,,  4s.  50    o  o 

Intermediate  sleepers,  1750        .        .        .  ,«  3^*  262  10  o 

Excavation,  1,760  lineal  yards   .        .        .  ,,  2s.  176    o  0 

Hydraulic  concrete,  900  cubic  yards  .        .  ,,  8s.  360    o  o 

Laying  the  way,  1^760  lineal  yards     .        .  ,,'is.  88    o  o 

Total  for  the  way,  single  line  .        .  i>823  10  o 

Paving,  4-inch  granite  cubes,  4,550  square 

yards •        •  t>  los.  2^275    o  o 

•  ■ 

Total  for  the  way  and  paving  .        •  £^}OgS  10  o 


CHAPTER  XXIII. 

TRUSWELrS  SYSTEM.— DEWSBURY,  BATLEY,  AND 

BIRSTAL   TRAMWAY— BIRSTAL  AND 

GOMERSAL  EXTENSION. 

The  system  of  way,  Mr.  Kincaid's  earliest  form,  laid  for  the 
original  line  of  the  Dewsbury,  Batley,  and  Birstal  Tramway,  has 
been  described.  The  rails  were  fixed  to  the  chairs  with  vertical 
spikes  driven  into  oak  plugs— a  mode  of  fastening  which  was 


Fig.  I  lo.    Tnisweirs  Way,  Birstal.    Scale  A. 

insufficient  for  permanently  retaining  the  rails  under  the  action 
of  the  engines  which  were  there  at  work.  Mr.  George  Truswell 
designed  a  system  of  way  having  a  reversible  steel  rail,  Fig.  no, 
on  cross-sleepers,  for  the  Birstal  and  Gomersal  Extension,  1*13 
miles  in  length.  The  rail.  Fig.  in,  weighed  55  lbs.  per  yard, 
and  was  rolled  in  lengths  of  24  feet.  It  was  laid  and  keyed 
with  oak  keys  in  cast-iron  chairs,  placed  3  feet  apart  between 
centres,  of  which  the  joint-chairs  are  6J-  inches  long  at  the 
seat  of  the  rail,  and  weigh  37  lbs.  each ;  and  the  intermediate 
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chairs  are  3J  inches  long,  and  weigh  25  lbs.  each.  The  chaiis 
are  laid  on  sleepers  of  Baltic  timber,  7  feet  in  length,  12  inches 
wide  by  4  inches  deep  at  the  joints,  and  8  inches  wide  inter- 
mediately. The  chairs  are  each  fixed  to  the  sleepers  by  two  oak 
trenails,  and  two  coach-screws.  The  ground  was  excavated  to  a 
depth  of  16  inches,  for  a  width  of  8  feet,  for  a  single  line.  A  layer 
of  concrete,  5  inches  deep,  was  deposited  on  the  floor  of  the  exca- 
vated space,  on  which  the  sleepers  were  laid,  and  the  space  was 
filled  up  about  the  sleepers  to  a  total  height  of  10  inches,  or  i  inch 
above    the  level  of   the   sleepers.     The  concrete  was  made  of 


Fio.  III.    Tnuwell*a  Rail,  BinCal.     Scale  \. 

2  parts  of  broken  stone  to  a  i^-inch  ring  gauge,  i  part  of  sand  or 
fine  screened  ashes,  and  i  part  of  blue  lias  lime.  The  rails  are 
33  inches  high,  and  2)  inches  wide,  comprising  a  tread  ij  inches 
wide,  a  i*inch  groove,  and  a  guard  flange  J  inch  thick.  They  are 
hollowed  sufficiently  at  one  side  to  receive  an  oak  wedge  fasten- 
ing. They  stand  24  inches  clear  above  the  concrete,  and  at  the 
surface  6  inches  above  it,  making  room  for  5-inch  set  paving,  and 
I  inch  of  fine  screened  ashes  for  bedding.  The  paving  sets, 
5  inches  deep,  are  of  Clee  Hill  granite,  covering  4J  square  yards 
per  ton  of  sets.  The  interstices  are  filled  with  melted  pitch  and 
tar  in  mixture. 
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Quantities  and  Costs  of  One  Mile,  Single  Line,  of 
Truswell's  System,  of  the  Dewsbury,  Batley,  and 
BiRSTAL  Tramway,  Gomersal  Extension,  i88i. 


Steel  rails,  55  lbs.  per  yard,  86  tons 
Sleepers,  12x4  ins.,  by  7  feet,  220 

Do.,       8x4  ins.,  by  7  feet,  1,540 
Joint  chairs  with  fastenings,  440 
Intermediate  chairs  with  fastenings 

3i08o 

Oak  keys,  3,520,  per  1,000   . 
Excavation,  2,086  cubic  yards 
Concrete,  j  ,268  cubic  yards 
Laying  the  way,  1,760  lineal  yards 
Watching,  lighting,  and  maintaining 

the  way  for  six  months     . 


£ 

t. 

d. 

£ 

s. 

d. 

@ 

II 

15 

0 

1,010 

10 

0 

f  1 

0 

3 

6 

38 

10 

0 

» » 

0 

2 

4 

179 

13 

0 

1  • 

0 

• 

2 

2 

47 

13 

4 

»• 

0 

I 

10 

282 

6 

0 

ti 

2 

10 

0 

8 

16 

0 

>i 

0 

I 

5 

147 

15 

0 

»» 

0 

8 

0 

507 

4 

0 

ti 

0 

0 

10 

73 

75 

6 
0 

8 
0 

Total  for  the  way 

Granite  paving  complete,  4,400  square 
yards 

Total  for  the  way  and  paving    . 


tt 


2,370  14    0 


086  1,870    o    o 


£^Mo  14    o 


Note.— There  are  46 J  chairs  per  mile,  single  line;  22  cwts.  of 
coach  screws  per  mile  ;  7,040  oak  trenails  ;  and  7,040  coach  screws 
per  mile. 

The  way  remains  the  same  as  when  laid.  The  rails  have  not 
yet  (1892)  been  reversed. 


CHAPTER  XXIV. 

KERR'S  SFSTEMS. 

First  System  :  Ipswich  Tramways,  1880. 

Mr.  John  Kerr's  first  system,  Fig.  112,  consists  of  a  solid 
girder  rail  laid  upon  wrought-iron  sleepers  of  the  section  of  an 
inverted  trough,  bedded  in  concrete.  In  the  Ipswich  tramways  the 
way  is  laid  to  a  gauge  of  3  feet  6  inches.  The  sleepers  are  laid 
longitudinally,  as  in  Figs.  112  and  113. 

The  rails,  of  Bessemer  steel,  weigh  58  lbs.  per  yard,  and  are 


Fig.  112.     Kerr's  Way,  Ipswich,  Woolwich.     Scale -si's-. 


rolled  in  lengths  of  24  feet.  They  are  of  girder  form,  3  inches  in 
width  at  the  head,  as  well  as  at  the  flange  base.  The  tread  of  the 
rail  is  I  f  inches  wide,  the  groove  is  i  inch  wide  and  W  inch  deep, 
and  the  guard  flange  is  J  inch  wide  at  the  surface.  The  web  is 
f  inch  thick  near  the  head,  and  iV  inch  near  the  base.  The  base 
is  i  inch  thick  near  the  edges,  and  is  thickened  up  to  ^  inch  near 
the  web. 

The  test  applied  to  the  rails  was  such  that  they  were  to  submit, 
without  rupture,  to  a  deflection  at  the  rate  of  3  inches  in  a  length 
of  5  feet.  The  deflection  was  to  be  produced  by  one  blow  of  a  tup, 
falling  from  a  height  of  10  feet,  at  least,  on  the  middle  of  the  rail, 
supported  on  bearings  3  feet  apart.  The  rails  were  fished  with 
wrought-iron  plates  16  inches  long,  and  four  J-inch  bolts  and 

T  2 
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nuts.  The  holes  in  the  plates  are  J  inch  square ;  the  bolts  have 
round  heads  and  square  necks. 

The  sleepers  are  of  J-inch  wrought-iron  plates,  moulded  as  an 
inverted  trough  with  inclined  sides,  2^  inches  in  total  height,  and 
11}  inches  in  total  width.  The  sleepers  break  joint  with  the  rails. 
The  rails  are  fastened  to  the  sleepers  by  wrought-iron  clips  riveted 
to  these.  The  weight  of  the  sleepers,  with  clips,  was  36^  lbs. 
per  yard. 

The  ground  was  excavated  for  the  whole  width  of  the  way, 
including  paving,  to  a  depth  of  9^  inches  below  the  suiface  ;  and 


Fig.  113.    Kerr's  Way,  Ipswich,  Woolwich. — ^Rail  and  Sleeper.    Scale  }. 

a  bed  of  concrete  4  inches  deep  was  laid  for  the  whole  width.  The 
hollows  of  the  sleepers  are  thoroughly  packed  with  concrete,  the 
upper  surface  of  the  sleepers  being  flush  with  the  concrete.  The 
concrete  is  composed  of  i  part  of  blue  lias  lime,  i  part  of  clean, 
sharp  sand,  and  4  parts  of  i-inch  broken  stone  or  of  clean  gravel. 
On  a  i-inch  bed  of  sand  the  paving  sets,  of  granite,  5  inches  deep, 
are  bedded  and  rammed  home  level  with  the  rails,  between  the 
rails,  and  for  a  width  of  18  inches  outside  the  line  at  each  side. 
The  stones  are  laid  dry  with  interspaces  of  i  to  J  inch  wide,  and 
well  packed  with  clean  pebbles,  from  J  to  |  inch  in  diameter,  and 
grouted  flush  with  Portland  cement     The  paving  is  covered  with 
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a  layer  of  sharp,  clean  sand.    The  spaces  at  the  side  of  the  rails 
are  likewise  filled  with  pebbles  and  grouting. 

Subjoined  are  particulars  of  the  quantities  per  mile  (single  line, 
Ipswich  Tramway,  ^^  feet  gauge,  1880)  : — 

Bessemer  steel  rails,  58  lbs.  per  yard       .... 
Wrought-iron  sleepers  and  clips,  36J  lbs.  per  yard  . 

Wrought-iron  fish-plates 

„  „    bolts  and  nuts 


91 

tons. 

57 

>» 

2j 

f  > 

i 

** 

151 


»f 


Excavation,  1,045  cubic  yards. 

Concrete         440  ,, 

Granite  paving.  3,670  square  yards. 


Woolwich  and  Plumstead  Tramway,  1881. 

The  materials  and  construction  of  the  Woolwich  and  Plumstead 
Tramway,  3^  feet  gauge,  under  the  direction  of  the  engineer,  Mr. 
Thomas  Floyd,  are  the  same  as  those  of  the  Ipswich  Tramway, 
with  the  exception  that  in  the  former  bituminous  grouting  was 
employed,  and  Portland  cement  concrete,  6  inches  deep,  was 
laid. 

The  following  particulars  show  the  quantities  and  costs  per 
mile  (single  line,  Woolwich  and  Plumstead  Tramway,  si  f*sct 
gauge,  1881):— 

Way  (as  in  the  Ipswich  Tramways),  151 

tons,  1,760  lineal  yards        .  .   @  o  15    4        i)349    6    8 

£xcavation,  1,270  cubic  yards  '.,,030  190  10    o 

Portland    cement    concrete,   600    cubic 

yards ,,   0  15    o  495    o    o 


;^    f.      d.  £         s.    d. 


Cost  of  way        ....  2,034  ^^  ^ 

Paving,  3,670  square  yards,  granite  sets   ,,   o  10    o  1*835    ^  o 

Bituminous  grouting,  3,670  square  yards    .,  "     ^     3  412  17  6 

Cost  of  paving 2,247  ^7  ^ 

Cost  of  way  and  paving        ....  ;^4,282  14  2 
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Kerr's  Second  Systeu. — Alford  and  Sutton  Steam 
Tramways. 

In  this  tramway,  (Fig.  116),  girder  rails,  4}  inches  high,  weighing 
45  lbs.  per  yaid,  are  laid  to  2^  feet  gauge,  on  transverse  concrete 


Fio.  114.  Alford  and  Suiton  Steam 
Tramways :  Section  of  Rail, 
Sleep«r,  and  Fastening.    Scale  \. 


Flc.  115.  Alford  and  Suiton  Sleim 
Tramway*:  Slecpa  and  Fasten- 
ing.    Scale  about  ). 


sleepers  3  feet  apart  between   centres.     Steel  tie-plates,  J  inch 
thidc,  are  laid  on  and  imbedded  in  the  sleepers.    The  road  is 


FlO.  1 16.    Alford  and  Sutton  Steam  Tramways  :  Cross  Section.    Scale  ^. 


macadam.     There  is  no  paving,  except  at  passing  places,  where 
4-inch  cubes  were  laid. 

This  line  is  now  closed.  It  was  worked  with  steam  locomotives 
weighing  iii  tons,  when,  it  is  stated,  it  bore  the  weight  of  the 
traffic  perfectly. 
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Kerr's  Third  Svstem. — Bucharest  Tramway;  Madrid 

Tram  WAV. 
This  way  (Fig.  117)  is  laid  with  girder  rails,  5  laches  high,  wogh- 


17.     Buchaieat  TnmwBjn ;  Madrid  Tramways:  Crou  Section. 


ing  60  lbs.  per  yard.   The  rails  are  laid  on  timber  sleepers,  8  inches 
by  4  inches  deep,  placed  9  feet  apart,  in  a  macadam  road. 


CHAPTER  XXV. 

SPECIAL   TRAMWAYS. 

Glasgow  Harbour  Tramway. 

Tramways  suitable  for  goods-yard  traffic,  consisting  of  two  cast- 
iron  tram-plates  and  iron  paving  between  them,  have  been  down 
in  the  Devonshire  Street  Station  of  the  Great  Eastern  Railway, 
I^ndon,  for  upwards  of  30  years. 
A  cast-iron  tramway,  bedded  in  concrete,  chiefly  designed  for 


Deas,  &  Rapier. 

Street  or  dock-lorrie  traffic,  was  patented  in  December,  1869,  by 
Messrs.  Ransome,  Deas,  &  Rapier.  A  tramway  on  this  system, 
4i  miles  long,  was  laid,  in  1870,  on  the  Broomielaw  Quay,  at  Glas- 
gow. It  is  adapted  for  both  flanged  and  unflanged  vehicles.  The 
way  consists  of  hollow  rectangular  blocks  of  cast  iron,  Figs,  1 19 
and  120,  5  feet  long,  10  inches  wide,  and  S}  inches  deep;  i  inch 
thick  at  the  top,  i  inch  at  the  sides,  A  groove,  ij  inches  wide, 
and  \\  inches  deep,  is  formed  in  the  middle  of  the  upper  siuface  of 
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the  block,  for  wheel-flanges.  The  upper  surface,  cast  on  a  chill, 
is  formed  with  grooves  on  each  side,  to  afford  a  foothold  for 
horses.  Recesses  at  the  ends  are  cast  to  receive  fish-plates,  which 
are  bolted  in  the  ordinary  manner.  The  blocks  are  entirely  filled 
with  concrete,  composed  of  7  parts  of  gravel  and  sand,  and  i  part 
of  Portland  cement,  well  punned,  and  allowed     ,  , 

to  lie  three  or  four  days  to  set.     The  bottom     biiir'°v'^ii«l-x 
was  prepared  like  that  of  an  ordinary  first-     ^^^^^^^1  • 
class  street  or  dock-road,  consisting  of  dry     I  \^ 

rubble,  and  two  lines  of  concrete  were  pre-     I      ^ — ^     I  j 

pared  for  the  tram-blocks,  i  foot  10  inches     g j  \   |  ^ 

wide,  and  6  inches  deep.  The  tramway  ^^^  ,20.  Systemof 
blocks  were  then  turned  over,  and  were  fixed  Messrs.  Ransome, 
with  cement  to  the  bases  of  concrete.  Se^cdon  of  rai^^icS 

At    first,    it    seemed    desirable    to    have        lbs.  per  yard, 
bottom    flanges    at    the    outsides    of    the  *®"i/- 

blocks,  but  it  was  found  inconvenient  for  laying  the  paving 
sets.  Bottom  flanges  were  then  applied  to  the  insides;  they 
answered  well,  but  for  the  sake  of  economy  of  material,  flanges 
were  entirely  dispensed  with,  and  the  tramway  blocks  con- 
structed as  shown  in  the  illustrations  have  been  found  to  be  per- 
fectly steady.  The  road  was  made  thoroughly  rigid;  and  the 
blocks,  once  laid,  remained  there.  At  first,  cross  tie-bars  were 
used,  but  it  was  found  that  they  were  not  necessary,  for  the  blocks 
could  not  be  got  to  stir  even  when  it  was  required  to  move  them. 
In  a  few  instances,  where  it  was  necessary  to  have  the  blocks 
raised  for  laying  water-pipes  or  gas-pipes,  it  was  found  that  they 
had  stuck  to  the  concrete  beneath,  and  had  to  be  actually  cut  away. 

The  quantities   and  costs  for  this  system  of  tramway  are  as 
follows,  for  a  single  way : — 


Single  Line. 

Cast-iron  blocks,  406  lbs.  per  lineal  yard  of  2  rails  ;  or  319  tons 
per  mile. 

Concrete,  0*30  cubic  yard  per  lineal  yard ;  or  528  cubic  yards  per 
mile. 
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Per  lineiil  yard.  Per  mile. 

)^      s.     d.  ^       s.     d. 

Cost  of  cast-iron  blocks,  in- 
cluding fish-plates, and  bolts 
and  nuts     .        .        .        .150  2,200    o    0 

Cost  of  concrete,  @  15s  6d. 
per  cubic  yard   .        .        .048  410  13    o 

Laying  .        .  .026  220    o    0 

£\  12    2       ..    £2,Zyi  13    o 
To  this  is  to  be  added  the  cost  for  excavation  and  for  pavement. 

The  experience  of  this  tramway  at  Glasgow  has  been  very  satis- 
factory. From  100  to  140  railway  waggons  pass  over  the  busiest 
part  of  the  tramway  daily.  Contractors'  locomotives  also  con- 
stantly pass,  frequently  dragging  heavy  loads  upon  bogies  to  the 


Fig.  121.     System  of  Messrs.  Ransome.  Deas,  &  Rnpier,  for  Hj^hter  traffic. 

Scale  ^f 

60- ton  crane.  The  highest  speed  of  the  railway  vehicles  is  about 
5  miles  per  hour,  and  of  the  street  lorries  6  miles  per  hour.  It  is 
notable  that,  when  horses  have  to  turn  ofif  the  tramway,  they 
return  to  it  of  their  own  accord.  From  the  report  of  Mr.  Deas, 
the  engineer  of  the  Clyde  Navigation,  it  appears  that  none  of 
the  cast-iron  blocks  have  been  broken,  and  that  the  chilled  sur- 
faces are  now  in  as  good  condition  as  when  the  way  was  first  laid. 
It  was  originally  expected  that,  in  order  to  get  the  blocks  to  lie 
steady,  they  would  require  to  be  cast  in  lo-feet  lengths;  but  it 
was  found  not  to  be  necessary,  for  the  5 -feet  blocks  ne\'er  showed 
any  signs  of  movement 

A  variety  of  the  same  kind  of  tramways  is  shown  on  Fig.  121, 
for  flanged  vehicles  only.  The  cast-iron  block  is  only  4  inches 
wide  at  the  surface,  and  it  is  formed  with  side  flanges  at  the 
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bottom,  making  up  the  base  to  a  width  of 

9  inches.    The  edges  are  notched  at  intervals 

of  3  inches  or  4  inches  for  the  use  of  vehicles 

crossing  the  road.     The  blocks   are  filled 

with  concrete,  and  laid  with  cement  on  two  i 

lines  of  concrete,  6  inches  deep  and  18  inches  «, 

wide.     The  quantities  and  costs  for  a  single  % 

way  are  as  follows : — 

Single  Line.  <« 

Cast-iron  blocks,  J08  lbs.  per  lineal  yard  of  § 

two  rails  ;  or  24a  tons  per  mile.  u 

Concrete,  )  cubic  yard  per  lineal  yard ;  or  "^ 

352  cubic  yards  per  mile.  | 

Per  liii«l  yard.  Per  mile.  ^__ 


Cost  of  cast-iron  blocks,  in- 

, 

■ 

cluding  fish-ptatea,  bolts, 

and  nuts  .        .        .        . 

0 

19 

0 

.67a 

Cost  of  concrete,  ®  16s.  3d. 

per  cubic  yard 

0 

3 

3 
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Laying        .        .        .        . 

0 

4 

3 
6 

^8 

£,i 

,156 

In  187 1,  a  length  of  about  700  yards  of 
tnunway  on  this  system  was  laid  in  the  gas- 
yard  of  the  Glasgow  Corporation.  The 
manager  reported  that  it  worked  very  well, 
had  not  required  any  repair,  and  had  not 
occasioned  any  trouble. 

The  tramways,  as  above  constructed  with 
cast-iron  blocks,  served  the  original  purpose 
very  well.  But  when  heavy  locomotives  were 
permitted  to  run  on  them  they  gradually  went 
to  pieces  and  were  superseded  by  a  new 
tramway  of  steel,  suited  for  the  heavy  traflic 
that  was  imposed  on  it   A  steel  rail  tramway 
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was  designed  for  the  purpose  in  1887  by  Mr.  Deas'  son,  as  shown  in 
Figs.  122  and  113.  The  wayconsistsofa  heavy  double-headed  steel 
rail  with  a  steel  guard-rail,  carried  in  chairs  on  creosoted  cross 
sleepers,  2  feet  9  inches  apart  between  centres.  The  tops  of  the 
chairs  are  laid  flush  with  the  pavement,  and  thereby  prevent  much 
of  the  wear  that  would  otherwise  take  place  alongside  the  rail. 
Estimates  of  costs  per  mile  of  single  line  are  here  subjoined. 


@ 

ii) 

1,  Gl3s|;ow  Harbour  Tramways  : 


The  first  estimate  applies  to  a  line  constructed  on  the  new  road- 
way, including  cost  of  excavation,  concrete  bottoming,  and  paving  ; 
whilst  the  second  estimate  is  for  a  line  laid  down  on  an  existing 
roadway.  The  sleepers  are  10  inches  wide,  5  inches  deep,  8  feet 
II  inches  long,  creosoted.  The  chairs  are  of  cast  iron,  spiked  to 
sleepers.  The  rails  are  of  steel,  single  headed,  weighing  80  lbs. 
per  lineal  yard,  in  lengths  of  32  feet.     They  are  fished  with  steel 
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plates,  18  inches  long.  The  guard  rails  are  formed  with  bulbs, 
and  are  of  steel,  weighing  39*90  lbs.  per  lineal  yard.  The  ground 
is  excavated  to  a  depth  of  lyi  inches  for  a  width  of  8  feet  11 
inches,  for  a  single  line.  Concrete  is  made  with  Portland  cement 
6  inches  thick.  The  paving  or  causeway  is  of  granite  6  inches 
deep. 

CLYDE  NAVIGATION. 
Glasgow  Harbour  Tramways. 


Estimated  Cost  per  Mile  for  Single  Line. 
I. — For  Tramway  on  a  New  Roadway, 

£    »,     d.  £       s.      d. 

1.  Rectangular  sleepers  of  Baltic,  Riga, 
or  Windau  red- wood.  8  feet  1 1  inches  x 
10  inches    x    5  inches »  creosoted  with 
2^  gallons  per   sleeper,  placed  about 

2  feet  9  inches  centres.  No.  1,980         .  @    o    3     b        346  10    o 

2.  Cast-iron  chairs,  58  lbs. each,  No.  3,960, 

102  tons  10  cwt.  2  qrs.  24  lbs.         •        .,,400        410    2  10 

3.  Wrought-iron  spikes  52  inches  long  x 
2  inch  diameter,  fixing  chairs  to  sleepers, 
two  to  each  chair,  weighing  19^  oz.  each, 

No.  7,920, 4  tons  5  cwts.  o  qrs.  8  lbs.     .  ,,    7  11     8         32    5     2 

4.  Single-headed  steel  rails,  80  lbs.  per 
lineal  yard,  in  lengths  of  32  feet,  125  tons 

14  cwts.  I  qr.  4  lbs.  ,    5  19    6        751     2  10 

5.  Steel  fish-plates  for  80  lb.  rails,  18 
ins.  long,  22  lbs.  per  pair,  330  pairs,  3 

tons  4  cwts.  3  qrs.  8  lbs.  .        .         .,,600  19    8  11 

6.  Wrought-iron  bolts  and  nuts  for  fish- 
plates, 4  ins.  long  x  J  in.  diameter,  four 
to  each  pair  of  fish-plates,  5*20  lbs.  per 

set  of  four,  15  cwts.  i  qr.  8  lbs.       .        .,,900  6  17  11 

7.  Steel  bulb  rails  39*90  lbs.  lineal  yard,  in 

lengths  of  32  feet,  62  tons  14  cwts.  .  „  10  10    o        658    7    o 

8.  Steel  fish-plates  for  bulb-rails,  18  ins. 
long,  8|  lbs.  per  pair,  i  ton  5  cwt.  3  qrs. 

4  lbs ,  12    0    o  15     9     5 
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CLYDE  NAVIGATION  {continued). 

9.  Wrought-iron  bolts  and  nuts  for  bulb- 
rail  fish-plates,  2^  ins.  long  x  |  in.  dia- 
meter, 4  to  each  pair,  2*20  lbs.  per  set 

of  four,  6  cwts.  2  qrs @I200  3180 

10.  Oak  keys,  5  ins.   x    2  ins.    x    2^  ins., 

No.  7,920,  per  1 ,000        .  .        .,,250  17  16    5 

11.  Cartage  of  rails.  188  tons  8  cwt.  i  qr. 

4  lbs. ,016  14    2    7 

12.  Labour  laying  sleepers,  chairs,   and 

rails,  lineal  yards  1,760 010  88    o    o 

(;^i  6s.  lod.  per  lineal  yard  for  materials 

and  laying.) 
Excavation,  including  carting  away,  5,280 

ft.  X  8  ft.  II  ins.  X   1 7^  ins.,  cubic  yards 

2,543 »,    o     I     o        127    3    o 

Portland  cement  concrete,  9  to  i,  6  ins. 

thick,  5,280  feet  x  8  ft.  11  ins.  x  6  ins. 

cubic  yards,  9t'j2 ,,    o  10    o        436    o    o 

Granite  causeway  6  ins.  deep,  including 

bed  of  sand  and  grouting  joints  of  stones 

with  bitumen,  5,280  x  8  ft.  11    ins.  less 

4  rails  (5f  +  5f  =  loj) ;  square  yards, 

4.705*05 ,,090     2,117     9    6 

Concrete  bottoming  between  sleepers. 
5,280  ins.  less  sleepers  1,980  @  10  ins.  wide 
1,650 

3,630  ins.  X  8  ft.  II  ins.  x  4J  ins. ;  cubic 

yards,  449*54 ,,    o  10    o        224  15    4 

Cost  per  lineal  yard     .  .        i   13    o     2,905     7  10 

Total  cost  per  lineal  yard    .  .       2  19  10  £Sf2^9    8  11 


II. — For  Tramway  on  a7i  Existing  Roadway. 

Tramway  materials  and  laying?  .         .  2,364     i     i 

Cost  per  lineal  yard    .  .         i     6  10 
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CLYDE  NAVIGATION  (fontmued), 

•  ;^       8.  d.  £i  91.  d. 

Lifting  and  relaying  granite  causeway,  6 
ins.  deep,  and  grouting  with  bitumen, 
5,280  ft.  X  8  ft.  II  ins.  less  4  rails,  loj  ins. 
o      lof 

"8~    oj 

square  yards  4,705-5       .  .        .  @  o    2  10        666  12    3 

Preparing  bottoming,  5,280  ft.  x  8  ft.   11 

ins.;  square  yards  5,23 1 J  .,,006        130  15    6 

Concrete     bottoming    between    sleepers, 

5,280,  less  sleepers  1,980  @  10  iris.  wide. 

1,650 

3,630  ft.  X  8  ft.  II  ins.  X  4J  ins. ;  cubic 

yards,  449*54 ,    o  10    o        224  15    4 

Cost  per  lineal  yard     .         .  o  11     7     1,022    3     i 

Total  cost  per  lineal  yard   .        .        .        i  18    5  jf3,386    4    2 


Belfast  Harbour  Tramway. 

A  single  line  of  tramway,  specially  designed  for  the  traffic,  was 
laid,  in  1869,  on  the  quays  at  Belfast  Harbour,  under  the  superin- 
tendence of  Mr.  Lizars,  the  engineer  to  the  Harbour  Commis- 
sioners. It  was  opened  in  January,  1870.  It  was  a  single  line, 
with  sidings.  It  consisted  of  two  longitudinal  sleepers  of  pitch 
pine,  or  of  Memel  timber,  9  J  inches  wide  and  7  inches  deep.  Fig. 
1 24,  upon  which  an  ordinary  iron  bridge  rail,  4  inches  deep,  and 
weighing  80  lbs.  per  yard,  was  laid  and  fastened  with  spikes 
through  the  flanges.  A  check-rail  of  L  section,  also  4  inches 
deep,  weighing  39  lbs.  per  yard,  was  laid  and  spiked  alongside  the 
bearing  rail,  upon  the  same  sleeper,  leaving  an  interval  or  groove 
of  a  width  of  i  J  inches.  The  ground  was  excavated  with  trenches 
for  the  sleepers,  which  were  bedded  upon  gravel  or  on  ashes. 
The  pavement  consisted  of  oblong  sets,  7  inches  deep,  on  a  bed 
of  sand  grouted  with  lime,  abutting  on  the  sleepers. 

It  is  apparent  that,  on  this  system,  wide  vacancies  were  created 
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between  the  rails  and  the  pavement,  » J  inches  at  each  side ;  these 
vacancies  were  filled  with  concrete  flush  with  the  pavement.  But 
there  was  a  want  of  stability  in  the  combination.  It  was  veiy 
liable  to  get  out  of  order ;  the  check  rail,  no  matter  how  tightly 


Fig,  i»4.    Beirast  Harboor  Tismway  :— I-inr'*  Sy*t«m.     Scale  \. 

spiked  to  the  sleepers,  being  easily  pressed  and  moved  inwards 
against  the  non-resistant  concrete ;  and  the  groove  was  thus 
widened  to  an  extent  which  made  it  dangerous  for  traffic 


A  better  system  was  subsequently  designed  and  employed  by 
Mr.  T.  R.  Sabnond,  the  present  engineer  to  the  Commissioners, 
for  extension  and  for  replacements  of  portions  of  the  line.  A 
single  iron  rail,  Fig.  115,  weighing  70  lbs.  per  yard,  was  substituted 
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for  the  combined  bridge  rail  and  check-rail.  It  is  6  inches  wide, 
formed  with  a  groove  i  J-  inches  n-ide  and  ij  inches  deep,  and  a 
raised  bearing  surface  at  one  side  of  the  groove.  The  average 
thickness  is  about  f  inch.  It  is  fastened  by  J-inch  vertical  spikes, 
ragged,  with  countersunk  heads,  to  a  longitudinal  sleeper,  6  inches 
square,  at  intervals  of  3  feet,  except  at  the  joints,  where  it  is 
fastened  by  J-inch  bolts  and  nuts.  The  nuts,  at  the  under  side, 
are  screwed  up  on  a  fish-plate  of  iron  of  the  width  of  the  sleeper, 
12  inches  in  length  and  \  inch  thick.  The  longitudinal  sleepers 
are  laid  on  and  spiked  to  cross -sleepers  of  larch,  9  feet  in  lengthy 
laid  at  distances  of  4  feet  between  centres. 


s"X'' 


The  pavement  consists  of  sets,  6  inches  deep,  3^  to  4  inches 
wide,  and  from  8  to  12  inches  long,  laid  close  to  the  sleeper  and 
rail  at  each  side. 

In  the  construction  of  sharp  curves,  the  combination,  Fig.  126, 
is  applied,  consisting  of  a  bridge-rail,  laid  on  a  longitudinal 
sleeper,  6  inches  square,  and  a  flat  plate,  j  inch  thick,  6^  inches 
deep,  spiked  to  one  side  of  the  sleeper,  forming  a  ij-inch  groove. 
The  rail  of  the  section  here  shown  lends  itself  to  the  formation  of 
curves  more  readily  than  the  solid  wide  rail  used  for  the  straight 
portion  of  the  line.     It  may  be  noted,  too,  that  the  lateral  slab 
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which  is  placed  as  a  check -rail  may  be  more  firmly  fixed  to  the 
sleeper  than  the  check  rail  used  in  the  earlier  design. 

The  new  rails  were  ordered  in  1873,  with  a  fiat  surface,  and 
were  partially  used  for  constructing  100  yards  of  way,  in  1875,  of 
which  50  yards  was  laid  in  replacement  of  a  portion  of  the  old 
line.  The  remainder  was  used  for  traversing  steam  cranes  along 
the  quays.  In  1875  new  rails  were  ordered,  having  a  raised  sur- 
face ;  they  were  laid  on  the  new  Queen's  Quay.  The  new  lines 
gave  great  satisfaction ;  it  was  reported  that  they  laid  solidly,  and 
the  fastenings  kept  tight  under  the  trafhc  of  the  railway  wagons 
and  locomotives  by  which  they  were  traversed.  The  permanency 
of  the  fastenings,  it  is  clear,  was  due  to  the  disposition  by  which 
they  were  placed  entirely  out  of  the  range  of  the  wheels. 

The  prices  paid  for  the  materials  of  the  new  way  were  as 
follows :  — 


Rails,  70  lbs.  per  yard,  delivered    . 

Longitudinal  sleepers,  6  inches  square, 
cut  from  log,  including  the  labour  of 
laying 

Larch  cross-sleepers,  9  ft.  long 

Square  setting 

Switches  and  crossings  .... 


C  «•    d. 
7100  per  ton. 


030  per  cubic  foot. 
030  each. 
080  per  square  yard. 
13    00  per  set. 


GuiNNEss's  Brewery  Tramways,  Dublin. 
The  transport  of  goods  and  materials  in  Guinnesses  Brewery  is 


Fio.  127.  Guinncss's  Brewery      Fio.  128.  Guinnesses  Brewery  Tramways : 
Tramways  :      Seclion    of         Section  of  Rail.    Scale  \, 
Rail.     Scale }. 

effected  by  means  of  a  double  system  of  tramways :  a  tramway  of 
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S  feet  3  inch  gauge — the  standard  Irish  gauge — and  a  tramway  of 
a  2  inch  gauge,  for  the  work  of  transport  ;^ within  the  brewery,  and 
for  communication  between  the  higher 
and  lower  premises.  For  the  narrow- 
gauge  lines  the  first  rails  were  of  iron, 
weighing  i6  lbs.  per  yard.  The  weight 
has  been  increased  to  4^  lbs.  per  yard 
in  the  present  steel  rails,  shown  in 
Fig.  127.  The  tram  rail.  Fig.  128,  forms 
by  far  the  greater  part  of  the  system ; 
it  is  of  iron,  weighing  56  lbs.  per  yard, 

and,asinFig.  i29,isfastened  to  rebated  '^- 

longitudinal  timbers,  which  are  laid  on  "3 

cross-sleepers.     In  some  cases  they  are  '^, 

laid  directly  upon  concrete,  and  wrought-  % 

iron   cross-ties  are  used.     The   most  | 

recendy- constructed   portion  was   laid  M 

with  steel  girder  r^ls,  weighing  76  ibs.  g> 

per  yard,  as  in  Fig.  130,  laid  on  cross-  {J 

sleepers.    The  foot  of  the  rail  is  made  (3 

narrow,  in  order  to  allow  of  its  being  '9 

easily  bent  to  small  radii.     As  there  is  J 

horse  traffic  over  the  broad-gauge  rails,  O 

these  are  grooved  as  in  Fig.  131,  and 

the  wagons  run  on  the  wheel  flanges,  - 

in  the  grooves,  thus  keeping  the  tread  3 

of  the  wheel  well  clear  of  the  pavement, 
and  avoiding  the  use  of  a  guard  rail. 
The  total  length  of  the  line  and  sidings 
is  about  5}- miles. 

For  switches,  the  tongtied  point,  as 
used  on  tramways,  has  been  adopted 
for  tram  -  lines,  and  the  crossings, 
when  very  close  to  one  another,  are 
made  of  cast-steel  rails,  bolted  upon 
a  cast-iron  plate,  with  a  wood  liner  between. 


igz 
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The  cost  of  laying  the  narrow-gauge  line,  of  22-inch  gauge, 
amounted  to  ;^4,o70  per  mile,  or  £,2  6s.  3d.  per  lineal  yard. 
For  this  sum  is  included  the  tram  rails  fastened  to  rebated  longi- 
tudinal sleepers,  laid  on  cross*sleepers,  bedded  in  concrete  for  the 
depth  of  the  cross-sleepers,  and  ballasted  up  with  gravel,  paved 
with  Welsh  sets  between  the  rails  and  for  an  outer  width  of 
18  inches  at  each  side ;  including  all  points,  crossings,  and  curves, 
of  which  there  are  many.     The  rails  were  specified  to  be  capable 


Fig.  130.  Guinness's  Brewery  Tram- 
ways :  Section  of  Rail,  22-inch 
gauge.     Scale  \, 


Fig.  131.  Guinness's  Brewery  Tram- 
ways :  Section  of  Rail,  5 J  feet 
gauge.     Scale  \, 


of  being  bent  to  a  curve  of  10  fe^t  radius  without  fracture,  the 
width  of  the  rail  being  in  the  plane  of  curvature. 


Tramway  in  Horwich  Locomotive  Works,  Lancashire  and 

Yorkshire  Railway. 

Several  mile§  of  tramway  have  been  designed  and  laid  at  Horwich 
locomotive  works  by  Mr.  John  A.  F.  Aspinall,  to  a  gauge  of 
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i8  inches,  with  foot-rails  weigh- 
ing 26  lbs.  per  yard,  according 
to  the  section,  Figs.  131,  133, 
and  134,  The  base  of  the  rail 
is  2f  inches  wide,  and  the  rail 
stands  i\  inches  high.  The 
head  is  i  f  inches  wide,  the  web 
is  iV  inch  thick,  the  rail  is  laid 
on  longitudinai  timber  sleepers, 
7  inches  wide,  3^  inches  deep. 
The  rails  are  spiked  to  the 
sleepers  as  shown  in  Fig.  134, 
and  they  are  fished  at  the 
joints  by  a  slipper-plate  formed 
out  of  a  flat  plate  ^  inch 
thick. 

Edge's  Way. 

Mr.  C.  A.  Edge  patented, 
November  30,  1877,  a  system 
of  tramway,  Figs,  135  and  136, 
without  grooves  in  the  rails. 
The  rails,  hollow  in  section, 
are  perforated  at  the  surface 
with  holes,  either  round  or 
oval,  at  equal  intervals,  into 
which  corresponding  studs 
fastened  to  the  wheels  of  the 
car  enter  in  succession  as  the 
car  advances.  By  this  means  the 
wheels  are  kept  on  the  track, 
without  the  aid  of  flanges  and 
grooves.  The  studs  are  applied 
only  to  the  wheels  at  one  side 
of  the  car.    Any  impediments 
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Figs.  131,  133,  134.  Tramwiy,Hor- 
wich  Locomotive  Works  ;  Rail 
and  Fasteninp-     Scale  J. 
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lodged  in  the  holes  arc  crashed  or  are  squeezed  out  by  the  action 
of  the  studs.  An  experimental  piece  of  tramway  of  this  kind,  in 
the  fonn  of  the  figure  8,  a  quarter  of  a  mile  in  length,  was  laid 


Fio,  IJ5.    Edge's  Way.    Section  of  Rail  and  Wheel.     Scile  \. 

down  at  Birmingham,  and  was  traversed  by  a  car  built  for  the 
puq)ose.    The  car,  it  is  stated,  travels  at  a  speed  of  la  miles  per 


Fio.  136.    Edge's  Way.    Side  view  of  Wheel.     Scale  J. 

hour,  without  leaving  the  rails,  whilst  a  passenger  would  be  unable 
to  detect  any  difference  between  the  running  of  this  car  and  that  of 
an  ordinary  car  with  flanged  wheels  on  grooved  rails. 
The  Edge  system  was  laid,  with  cast-steel  rails,  70  lbs.  per 
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yard,  for  a  length  of  three  miles  in  the  City  of  Brunswick,  in 
1879 — ^^9  one-third  of  the  length  consisting  of  curves  of  from 
40  to  no  feet  radius.  The  first  route,  \\  miles  in  length,  was 
oi)ened  in  October,  1879,  ^^^  ^^^  remaining  length  of  li  miles  in 
1880.  It  is  reported  that,  in  the  month  of  December,  1879,  when 
snow  and  frost  prevailed,  the  system,  it  was  found,  could  safely  be 
used  during  weather  which  would  have  stopped  running  on  other 
systems  of  tramway.  The  cars,  it  is  said,  run  with  as  httle  resis- 
tance as  those  on  ordinary  ways.  In  March,  1 881,  it  was  reported 
that  during  the  previous  eighteen  months,  upwards  of  50,000 
journeys,  amounting  to  about  100,000  miles  run,  were  performed 
without  any  extraordinary  wear  of  either  the  wheels  or  the  rails. 
It  is  stated  by  the  City  Surveyor,  that  "  the  rails  with  holes  have 
offered  no  interference  whatever,  either  to  hea\'y  or  to  light 
vehicles,  nor  to  foot  traffic ; "  and  it  was  remarked  by  a  local 
newspaper  that  "  the  cars  move  along  with  the  same  quiet  ease 
and  smoothness  as  in  the  old  system,  and  the  friction  is  apparently 
less." 


CHAPTER  XXVI 

SUPPLE MENTARy. —ON  FOREIGN  TRAMWAYS. 

Paris. 

When  M.  Loflbat  returned  to  Paris  from  America,  he  introduced 
his  system,  slightly  modified,  Figs.  137  and  138,  and,  in  1853,  laid 
a  line  of  tramway  in  Paris,  from  the  Place  de  la  Concorde  to  Passy, 
in  the  Avenue  de  la  Reine.     This  was  the  first  horse  tramway  laid 


Fro.  1J7.  LouBat's  Tramway; — 
Section  of  Rail  and  Sleeper, 
bcale  \. 


in  France.  It  was  laid  to  a  gauge  of  i'S4  metres,  or  5  feet  i  inch. 
The  rail  was  of  a  semi-hexagonal  section  at  the  lower  side,  to  rest 
upon  a  wood  sleeper,  which  was  chamfered  to  receive  it,  and  upon 
which  it  was  spiked  diagonally  through  the  sides.  A  fish-plate  of 
iron,  6  inches  long  and  |  inch  thick,  was  laid  under  each  joint 
The  rail  weighed  1 9  kilogrammes  per  metre,  or  38  lbs.  per  yard. 
It  was  3  inches  wide  at  the  surface  ;  the  groove  was    \\  inches 
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wide  and  J  inch  deep;  whilst  the  tread  was  only  ij  inches 
wide.  The  longitudinal  sleepers  were  4  inches  wide  by  6  inches 
deep,  and  were  laid  upon  transverse  sleepers  6  inches  wide  and 
4  inches  deep,  placed  at  x  metres,  or  6  feet  7  inches  apart,  be- 
tween centres.  The  transverse  sleepers  were  notched  to  receive 
the  longitudinals,  which  were  fixed  into  them  by  wood  keys.  The 
spikes  proved  to  be  insufficient  as  fasteners,  for  they  were  either 
broken  or  pulled  out,  probably  for  want  of  a  good  bearing  on  the 
sleeper,  on  which,  it  is  manifest,  the  rail  must  have  been  displaced 
by  the  eccentric  pressure  of  the  load. 

This  rail  was  laid  by  the  Conipagnie  G6n^rale  des  Omnibus, 


F;g.  139.  Sectirmof  Rail,  between      Fio.  140.    Scciioa  of  RaJ),  to  reptac 
Sevres  aod  Versailles,    32   lbs.  SeciioD!,    Figs.    138   and    zjg: — 4 

per  yard.     Scale  i.  lbs.  p=r  yard.     Scale  \. 


on  the  lines  from  the  Place  de  la  Concorde  to  Sfevres  and  to 
Boulogne. 

The  next  section  employed,  Fig.  139,  was  that  of  the  tram  rails 
laid  by  a  private  company  between  Sevres  and  Versailles.  The 
rail  weighed  16  kilogrammes  per  metre,  or  32  lbs.  per  yard;  it  was 
hollowetl  at  the  lower  surface,  for  the  sake  of  economy  of  material. 

These  rails.  Figs.  137,  138,  and  139,  according  to  M.  Goschler," 
lasted  ten  years.  At  the  end  of  this  period  the  rolling  surface  had 
worn  so  much  that  the  flanges  of  the  car-wheels  lodged  on  the  bottom 
of  the  grooves.     A  rail.  Fig.  140,  of  a  heavier  section,  weighing 

*  "LesChcmins  de  Fers  NScessaires,"  in  the  Comftes  Rendus  de 
la  Sociiti  des  Jngenietirs  Civils,  1873. 
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46  lbs.  per  yard,  calculated  to  last  20  years,  was  employed  to 
replace  the  lighter  rails.  A  similar  rail,  Fig.  141,  was  laid  by 
the  Omnibus  Company  on  the  route  between  the  Arc  de  I'^toile 
and  the  Trflne,  on  the  Tramways  Nord.  It  was  4  inches  wide,  and 
2'i6  inches  deep,  and  had  a  groove  ij  inches  wide.  It  was  fixed  on 
a  longitudinal  wood  sleeper,  like  its  predecessor,  by  vertical  bolts, 
through  the  bottom  of  the  groo\'e,  with  countersunk  heads  and 
nuts.    The  rails  were  rolled  in  lengths  of  6  metres,  or  nearly 


20  feet,  and  they  were  fished  at  the  joints  with  iron  plates,  formed 
to  fit  the  lower  surfaces  of  the  rails. 

It  was  early  assumed  that  transverse  sleepers  were  not  necessary, 
and  they  were  dispensed  with  as  the  lines  came  under  repair. 
Cross  tie-bars  of  wrought  iron  were  employed  instead  of  the 
sleepers,  but  even  these  were,  after  a  time,  abandoned.  When  the 
lines  were  laid  in  macadam,  without  any  paving,  the  cost  of  main- 
tenance was  very  great,  due  to  the  practice  of  the  running  of 
ordinary  vehicles  on  the  track  of  the  tramway,  A  continual  supply 
of  new  macadam  was  required  for  a  width  of  10  inches  on  each 
side  of  the  rails,  and,  of  course,  the  perpetual  renewal  of  loose 
stone  led  to  a  greater  increased  resistance  on,  and  wear  of  the 
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tramway,  occasioned  by  the  detritus  of  the  covering  at  the  sides. 
To  avoid  such  serious  objections,  the  Omnibus  Company  replaced 
the  macadam  by  paved  margins  next  the  rails  in  the  outer  portions 
of  the  system,  and  by  a  general  paving  on  the  lines  within  the 
city. 

Though  it  appears  that  the  first  line  of  tramway  laid,  that  of 
M.  Ldubat,  was  laid  to  a  gauge  of  1*54  metres,  or  5  feet  ^  inch, 
the  tramways  subsequently  constructed  were  laid  to  the  railway 
gauge,  1*44  metres,  or  4  feet  8J^  inches  ;  or  to  1*43  metres,  or 
4  feet  8i  inches.  Uniformity  of  gauge  was  adopted  with  a  view  to 
establishing  communications  between  the  railway  goods-stations. 
The  expectation  was  futile. 

The  schedule  of  prices,  adopted  in  1867,  for  laying  the  tram- 
ways in  macadam  roads,  according  to  M.  Goschler,  was  as 
follows : — 

Tramways  in  Paris.— Schedule  of  Prices,  1867. 

Francs,      j^     s.     d.  * 

Rails,  drilled  with  10  countersunk  holes, 

per  100  kilogrammes   .        .        .        .  @ 
Bolts  or  fishes,  per  100  pieces 
Oak  sleepers,  longitudinal,  6  inches  by 

8  inches,  per  st^re 
Broken  mill-stone  (macadam)  per  cubic 

metre 

Sand,  per  cubic  metre    .... 

Labour,  per  hour 

One-horse  cart,  per  hour 


»» 


•  »> 


n 
if 

}f 


26 

10 

8    0  per  ton. 

22 

0 

17    5 

34 

0 

3    0  cubic  ft. 

12 

0 

7    3  cubic  yd. 

3 

0 

I  10 

0-35 

3-32  per  hour. 

I 

0 

0    9J      „ 

On  the  basis  of  these  prices,  the  cost  per  yard  of  the  construc- 
tion of  a  single  line  of  tramway  with  the  46-lb.  rails,  Fig.  141,  was 
as  follows : — 

Cost  per  yard,  Single  Line.— Rails  46  lbs.  per  Yard. 

s.      d. 

Rails 8    8 

Longitudinal  sleepers        ....        2  10*8 
Shaping  the  sleepers 0    87 

Carried  forward       12    3.5 
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Cost  per  Yard  {continited). 

Brought  forward  12  3-5 

Bolts o  77 

Fishes o  5*1 

Washers    ......  o  07 

Excavation o  6-6 

Fitting  together 017 

Laying  and  packing  .        .                 .        .  o  yt 

Land o  17 

Broken  stone o  87 

Watering  and  rolling o  a-a 

Watching  and  general  e;{penses  o  8*3 

Total 16  4 

Of-  £^Ai7  6s.  8d.  per  mile. 


The  rail  adopted  for  the  Tramways  Nord,  in  the  Avenue  de  la 
Grande  Arm^e,  is  shown  in  Fig.  14a. 

The  section  of  rail  which  was  next  laid  by  the  Tramways  Nord, 
in  1873,  on  the  macadam  road  bet^-een  the  Porte  Maillet  and  the 


Fio.  141.  Section  of  Rail  in  the 
Avenue  de  U  Grande  Aim£e. 
Scale  \. 

Pont  de  Neuilly,  is  shown  in  Fig.  143,  adopted  from  English 
practice.  The  weight  of  the  rail  is  60  lbs,  per  yard ;  it  is  bolted 
down  through  the  grooves  to  longitudinal  sleepers  of  oak,  4  inches 
wide  and  6  inches  deep,  laid  on  transverse  sleepers,  6  inches  wide 
and  3i  inches  deep,  placed  at  distances  of  5  feet  apart  between 
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centres.  The  cost  of  this  way  per  mile  of  single  line  is  estimated 
at  ^,£'1,418,  including  the  cost  of  rails,  cast-iron  joint  chairs,  and 
brackets,  bolts,  sleepers,  laying  the  way,  watching,  and  sundry 
expenses.  Though  the  section  of  rail  was  copied  from  English 
practice,  it  appears  that  the  valuable  function  of  the  flanges,  in 
superseding  with  side  fastenings  the  vertical  holding  bolts,  was  not 
apprehended. 

The  whole  cost  of  construction  of  the  Tramways  Nord  of  Paris 
is  given  in  an  Addenda- Dunod,  1877,  from  which  the  following 
summary  is  deduced  : — 

Tramways  Nord.— Cost  per  Lineal  Yard  of  Double  Way 

ON  A  Paved  Road. 

£     8.     d. 

Lifting  pavement  and  excavation  .        .        022 

Paving 177 

Way I  15     7 

Total £3    S    A 

Or,  £$^7^0  per  mile. 

From  the  balance-sheet  of  the  company  it  appears  that  the 
total  capital  expenditure  on  these  tramways  amounted  to  ;f  31,900 
per  mile. 

Mr.  Oppermann  gives  an  analysis  of  the  cost  of  working  the  line 
between  St.  Germain-des-Pr^s  and  Montrouge,  a  part  of  the 
Tramways  Sud,  in  Paris.  The  line  is  3*12  miles  in  length.  One 
car  makes  20  trips  in  16  hours  per  day,  and  runs  (3 '12  x  20  =) 
62*40  miles  per  day.  Each  car  contains  16  passengers  inside, 
18  on  the  roof,  and  10  on  the  platforms;  in  all,  44.  Each  car 
is  drawn  by  two  horses,  relieved  four  times,  making  10  horses 
for  each  car. 

Francs. 

One  horse  costs  per  day  for  fodder      .        .        4*50 
Shoeing,  stabling,  attendance,  renewal,  &c.        I'oo 

Total  for  one  horse        .        .        •        .        5*50 
Horse  labour  per  car  per  day  (5*50  x  10)    ,      55 'oo 
„        „        per  mile  run  '88  franc,  or  837  ^ 
pence. 
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The  system  of  tramway  adopted  and  put  in  execution  by 
M.  Francq,  for  the  Versailles  Tramways,  in  1875,  is  illustrated  by 
Figs.  144,  14s,  and  146,  with  rails  on  a  timber  substructure  of 


Fio.  145.    Vetsailles  Tramwaya  :— R»il,  Ac,  by  M.  Fnnci].     Scale  \. 


Fig.  146.     SectioD  or  Versailles  Rail,  30}  lbs.  per  yard.     Scale  } 

longitudinal  sleepers  l^d  upon  transverse  sleepers.  The  rail  weighs 
30^  lbs.  per  yard,  it  is  of  a  section  comparatively  shallow,  i  \  inches 
deep,  and  about  3  inches  wide  at  the  surface.   It  is  rolled  with  nvo 
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fillets,  one  at  each  side,  projecting  \  inch,  and  making  a  total 
width  of  3J  inches.  The  rolling  surface  was  i-A-  inches  wide, 
and  the  groove  is  i  J  inches  wide  ;  the  lower  surface,  under  the 
tread,  is  hollowed,  and  receives  in  the  hollow  a  corresponding 
section  of  the  longitudinal  sleeper,  which  is  rebated  to  fit  the  rail. 
The  longitudinal  sleepers  are  of  fir,  creosoted ;  they  are  3  inches 
wide  and  7  inches  deep,  under  the  soles  of  the  rails.  They  are 
slightly  inclined  inwards,  at  an  angle  of  i  in  20,  and  laid  upon 
transverse  sleepers  of  oak,  6  inches  wide  and  3^  inches  deep, 
placed  at  distances  of  5  feet  apart  between  centres. 

The  fastenings  are  peculiar.  The  lateral  fillets  of  the  rails  are 
notched  at  inter\-als  of  i  metre,  or  40  inches,  between  centres,  to 
receive  the  two  ends  of  an  iron  strap,  which  is  doubled  under  the 
sleeper,  the  ends  being  correspondingly  notched  to  enter  the 
notches  in  the  fillets,  and  take  a  bearing  upon  the  fillets.  The 
ends  of  the  strap  are  fixed  in  position  by  a  bolt  and  nut  through 
the  sleeper,  and  the  strap  is  tightened  by  a  hardwood  wedge, 
driven  in  under  the  sleeper. 

The  longitudinal  sleepers  are  secured  to  the  transverse  sleepers 
by  means  of  a  piece  of  iron  plate,  bolted  to  one  side  of  each 
cross-sleeper,  and  cut  out  and  flanged  to  receive  the  longitudinal 
sleeper,  which  is  spiked  to  it 

The  objections  to  this  system  are,  that  the  fastening  of  the 
longitudinal  to  the  transverse  sleeper  is  in  sheer,  and  is  not 
durable ;  that  the  rail  is  too  shallow,  and  is  weak ;  that  the  means 
of  lateral  resistance  of  the  rail  to  displacement  upon  the  sleeper 
is  insufficient ;  that  the  lateral  fillets  represent  a  waste  of  metal, 
and  prevent  the  close  fitting  of  the  pavement  to  the  rail ;  that 
there  are  other  projections  which  are  inconvenient  in  the  same 
way;  and  that  the  situation  of  the  wedge  for  tightening  the  fasten- 
ing of  the  rail — below  the  sleeper — is  inconvenient  for  purposes 
of  inspection  and  repair.  This  system,  like  many  others  which 
have  failed  in  practice,  would  answer  very  well  if  it  were  a  mere 
fixture,  but  not  for  resisting  the  stress  of  the  rolling  movement  of 
heavy  bodies. 
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Lille. 

The  tramways  of  Lille  are  constructed  like  level  crossings  for 
railways,  with  two  rails  and  two  counter-rails,  enclosing  at  each 
rail  a  clear  space  sufficient  for  the  clearance  of  the  wheel  flanges. 
The  rail  and  the  counter-rail  (Figs.  147  and  148)  are  bolted  to  a 
cast-iron  chair.     The  chairs  are  bedded  on  and  screwed  down  to 


Fig.  147.  Lille  Tramways  : — Section 
of  Rails  and  Chair,  for  Passenger 
Traffic.  Rail,  21*7  lbs.  per  yard. 
Scale  i. 


Fig.  148.  Lille  Tramways:— 
Section  showing  arrangement 
of  Rails  for  Railway  Wag- 
gons.    Scale  \» 


cross-sleepers  laid  on  the  ground,  at  5  feet  intervals,  without  any 
intermediary  longitudinal  sleepers.  The  interspace  is  1*20  inches 
wide  for  the  tramcar,  as  in  Fig.  147,  but  by  fixing  the  counter-rail 
so  that  its  flat  side  is  presented  to  the  rail,  as  in  Fig.  148,  the 
interspace  is  increased  to  i'8o  inches  in  width,  for  the  traffic  of 
railway  waggons. 


Weight  of  the  rail,  3*60  inches  deep  . 
,,         counter-rail,  3*60  inches  deep    , 

Total  weight  per  yard  for  each  rail 


Iba.  per  yard. 
287 
22'^ 


51-2 


The  same  system — of  rail  and  counter-rail — was  adopted  in  the 
construction  of  the  Geneva  Tramways. 
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Brussels. — Antwerp. — Li£ge. — Ghent. 

In  Brussels  the  tramways  are  worked  by  four  distinct  companies, 
each  company  having  adopted  special  forms  of  rail.  The  oldest 
line  is  that  between  Schaerbeek  and  the  Bois  de  la  Cambre, 
4|  miles  in  length,  which  was  completed  and  opened  in  1869. 
AH  the  other  lines  have  been  constructed  since  1871.  In  the  end 
of  1874,  the  lengths  of  lines  of  tramway  open  in  Brussels  were 
as  follows : — 

Miles. 

Belgian  Street  Tramway %\ 

Compagnie  Br^silienne 6| 

Compagnie  des  Voies  Ferries  Beiges  (Bois  de  la 

Cambre) 4I 

Compagnie  Becquet 3J 


Open  in  Brussels 2}^ 


Gauge  of  ways,  4  ft.  8^  ins. 
In  other  towns  in  Belgium  there  were  open  as  follows  : — 


Miles.                Ft. 

Ins. 

Antwerp    . 

6-i6,  gauge4 

5i 

Li6ge 

•       478       „      4 

8i 

Ghent 

4*66       „      4 

8i 

making  a  total  length  of  about  38^  miles  of  tramway  open  in 
Belgium  in  1874. 

The  way  was  made  in  double  line  in  the  first  three  tramways  of 
Brussels ;  the  fourth  was  made  with  a  single  way.  The  tramways 
in  the  other  three  towns  were  single  line,  except  for  a  small 
section  of  tramway  in  Ghent. 

The  sections  of  rails  employed  in  the  tramways  of  Belgium  are 
shown  in  Figs.  149  to  159. 

The  interspace  between  two  lines  of  way  is,  in  Brussels,  i  metre, 
or  40  inches ;  except  in  narrow  streets,  where  it  is  only  '8  metre,  or 
32  inches.  At  Antwerp  it  is  i  metre ;  and  at  Ghent  I'os  metres,  or 
42  inches.    At  Li^ge  it  is  from  \\  Xo  \\  metres,  or  from  5  feet  to 

X 


3o6  COXSTRUCTION  OF  7RAilirA¥S. 

S  feet  9  inches,  in  view  of  the  clearance  required  for  the  passage 
of  railway  waggons. 

The  minimum  radius  of  curvature  permitted  in  any  tramway  is 


Fig.  149.  Bclfnan  Street  Railway  : —        FlO.  150.     Belgian  Sirrel  Railway  : 
SectioQ  01  rail  )»id  in  »uburbs  of  —Section  of  rail  laid  in  Brussels, 

Brussels,  2j  lbs.  peryaid.   Stale  J.  t^\  lbs.  per  yard.     Scale  J. 
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Fig.  isr.    Voies  Fert*es  Belgear—         FiO,  151.  VoiesFeirie*  Beiges:— 
Settioa  of  rail,   ice,  £*  lbs.  per  Section  of  rail  for  Mraight  lines, 

yaid.    Scale  ^^.  t,t  lbs.  yer  yatd.     Scale  j. 


Fig.  IS3-  Voies  Ferries  Beiges  :— 
Section  of  inner  rail  for  curves, 
jej  lb*,  per  yard.    Sc*le  %. 


Fig.  154.  Voies  Fences  Bel jes  ;■ 
Seciioa  of  outer  rail  for  curves, 
31  lbs.  per  yard.     Scale  f . 


44  metres,  or  144  feet  At  Brussels,  the  radius  is  usually  from 
100  feet  to  130  feet;  occasionally,  for  want  of  space,  it  is  as  low  as 
65  feet,  and  but  rarely  as  low  as  46  feet.  At  Antwerp  the  minimum 
radius  is  35  metres,  or  82  feet ;  and  at  Ghent  15  metres,  or  50  feet. 
At  li^ge  the  lower  limit  is  25  metres,  or  82  feet,  except  for  the 


BELGIAN  TRAMWAYS.  3O7 

routes  traveised  bf  railway  stock,  where  the  radius  is  not  less 
than  75  metres,  or  246  feet. 
The  way  consists  generally  of  grooved  iron  rails  laid  on  a 


Fig,  1^5.  Conipaenie  BT^Iieiuie : — 
Section  of  taiT,  34  Itu.  per  yard. 
Scale  j. 


FiQ.  156.  Anven; — Section 
of  lail,  30  lbs.  per  yard. 
Scale  {. 


FlO.  157.  Tramways  U'lxelles  Elterbecq,  FlO.  (jS-  Lifige  Tramways  :— 

Brussels  (Compagme  Becquel)  :  — Sec-  Scclion  of  rail,  and  tyre  nf 

lion  of  rail,  37  lbs.  per  yaid.   Scale  j.  railway  waggon,  56  lbs.  per 

yard.     Scale  i. 


timber  substructure  of  longitudinal  sleepers  upon  transverse 
sleepers.  The  only  exceptions  to  the  grooved  rails  are  the  rails 
used  in  the  suburbs  of  Brussels,  and  at  Ghent,  which  are  foinied 
on  the  prindple  of  the  "crescent"  rail,  Fig.  17,  for  which  the 
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groove  is  made  by  a  gap  between  the  rail  and  the  pavement 
Sections  of  the  rail  are  shown  in  Figs.  149  to  159,  in  which  it  is 
seen  that  for  the  most  part  the  rails  are  fastened  to  the  longi- 
tudinal sleepers  by  vertical  screws  through  the  grooves.  The 
only  exception  is  the  side  fastening,  by  staples,  employed  on  the 
"Voies  Ferris  Beiges,"  Fig.  151.  At  li^e  the  rail  is  formed 
with  a  groove  2  inches  in  width.  The  weights  of  the  rails  illus- 
trated above  are  as  follows : — 

Belgium,  Weight  of  Rails  per  yard. 

lbs. 


Brussels : — 

Belgium  Street,  suburbs 

23 

„           ,,        in  town 

24i 

Voies  Ferries  Beiges    . 

52 

Br^silienne    .        .        .        . 

34 

Compagnie  Becquet 

^7 

Antwerp    .... 

30 

Lidge         .... 

.        .        56 

Ghent        .        .        .        .        . 

24 

The  length  of  tramway  in  Brussels  open  in  the  end  of  1876 
amounted  to  45»3i2  metres,  or  28  miles.  The  number  of  cars  in 
service  on  all  the  lines  was  84,  and  of  horses  750.  The  working 
expenditure  may  be  calculated  approximately  on  the  following 
basis : — 

Total  cost  per  day.  Miles  travelled 

s.      d.  s.      d.  per  day. 

I  horse  3     7  to     4    o  12  to   19 

I  car  16    o    „    20    o  60   ,,    80 

These  costs  include  the  whole  of  the  working  expenses. 
The  first  cost  of  Brussels  tramways  has  been  approximately  as 
follows : — 

Cost  of  Tramways  in  Brussels. 

• 

Way,  single  line ;f  1*270  to  ;^  1,600  per  mile. 

Horses,  including  harness  and  acces- 
sories    ;^48  per  horse. 

Cars  in  service,  including  accessories  ;^3^  P^i*  car. 

Stables,  sheds,  offices,  workshops,  &c., 
per  horse,  effective,  or  on  duty    .        .  ;^8o  to  j^ioo  per  horse. 
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Constantinople. 

The  tramways  of  Constantinople,  of  which  M.  Lebout  was  the 

engineer,  were  constructed  with  the  pattern  of  grooved  rail,  weigh- 


ing 46  lbs.  per  yard,  employed  in  the  Paris  tramways,  fastened  as 
in  Fig.  160.  The  rails  were  bolted  to  longitudinal  sleepers,  laid 
on  a  bed  of  sand  8  inches  deep,  spread  on  the  bottom  of  the 
excavation.    The  longitudinal  sleepers  were  connected  by  round 
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iron  tie-rods,  which  were  passed  through  them,  and  were  screwed 
up  by  nuts  at  both  ends  of  the  sleepers,  as  shown  in  the  section 
of  the  way.  Fig.  i6i.  Streets  of  from  13  feet  to  23  feet  wide  were 
paved  all  the  way  across,  as  shown  in  Fig.  162. 

The  rails  and  their  accessories  were,  according  to  M.  Goschler, 
before  quoted,  supplied  from  the  Terrenoire  Works,  France, 
delivered  at  Constantinople,  at  the  following  prices  : — 


Constantinople  Tramways. 

Per  ton. 
£      s.      d. 

Rails  and  fishes      ....       ;^io  is.  6d.  and  10  17  6 

Bolts 23  15  6 

Washers 31  16  6 

Tie-rods,  2  metres  or  6'56  feet  apart  33    9  ^ 

The  weight  of  material  per  yard  of  single  way  was  as  follows : — 

Per  lineal  yard 

of  way. 

lbs. 

Rails,  per  yard,  46  lbs.  .  92 

Fishes  for  rails,  5  lbs.  each      .  .  1*5 

,,       for  longitudinal  sleepers,  i^  lbs.  each   .  1*38 

Bolts,  \  lb.  each 1  '84 

Tie-rods,  13  J  lbs.  each 3 


Total  per  yard  of  single  way     .        .        .      ioo  lbs. 
Total  if  tie-rods  are  2  metres  or  6*56  feet 
apart 103  lbs. 

s.     d. 

Cost  of  laying  way,  including  carriage  and 

maintenance  for  one  year                     .        .25  per  yard. 
Cost  of  laying  pavement 3    7i      » 

Mr.  Goschler  gives  an  analysis  of  the  accounts  of  the  Constan- 
tinople Tramways  for  1872,  which  contains  many  instructive 
details."" 

*  '^Les  Chemins  de  Fer  N6cessaires,"  Compte  Rtndus  de  la 
SociiUdes  Inghtteurs  Civils,  1873,  page  366. 
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The  first  section  of  the  tramways  of  Moscow  was  opened  in 
Ai^ust,  1874 ;  and  in  1875  a  total  length  of  60  miles  of  tramway 


was  opened  for  traffic.     The  way  was  designed  by  the  engineer 

of  the  tramways,  Colonel  Sytenko,  who  commenced  by  rejecting 

the  grooved  rail,  and  adopted  the  Vignoles 

type  of  rail,  laid  on  transverse  sleepers. 

Figs.  163  and  164.     The  rails  are  of  steel, 

from  the  works  at  Creusot,  weighing  36  lbs. 

per  yard ;  they  are  made  to  a  height  of  5 

inches,  to  admit  of  the  juxtaposition    of 

paving  stones   of  sufficient  depth  above 

the  sleepers.     The  paving  stones  next  the 

rails  at  the  inner  sides  are  cut  to  form  a         

groove  for  the  wheel  flanges.  Counter-  ^ig.  164.  Moscow  Tram, 
rails,  it  appears,  have  only  been  found  *"y»  =— Section  of  rail 
necessary  at  the  points  and  crossings.  ^ya^.'^^scrie^}. ""' 
The  rails  are  laid  to  a  gauge  of  5  feet, 

upoii  sleepers  placed  at  intervals  of  4  feet  3  inches.  It  is  believed 
— and  it  is  likely — that,  on  this  system  of  way,  the  tractive  force 
required  is  a  half  less  than  that  required  for  the  ordinary  grooved 
rail. 


Leipzig. 

The  first  section  of  the  Leipzig  tramways,  consisting  of  the 

Promenade  line  round  Liepzig  and  branches  to  Rendwitz  and 

Connewitz,  together  about  6  English  miles  in  length,  was  opened 

on  May  18,  1871.    The  line  to  Lindenau  was  opened  in  Sep- 
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tember  of  the  same  year,  making  in  all  8}  English  miles  of  way 
open  for  traffic  in  187a.  There  are  now  altogether  five  lines 
open,  of  an  aggregate  length  of  1 1  -30  miles.- 

The  rails  are  laid  to  a  gauge  of  4  feet  8J  inches,  on  what  is 
known  as  the  Vienna  system,  which  is,  in  fact,  similar  to  LoAbat's 
way,  already  described,  page  296,  The  rails  are  of  iron,  and  they 
weigh  30  lbs.  per  yard,  TTiey  are  3  inches  wide,  and  are  formed 
with  obliquely-faced  flanges,  as  shown  in  Figs.  165  and  166.  They 
are  laid  on  longitudinal  timber  sleepers,  which  are  remarkable  for 


_,.  —r-o ,--  Fio.  166.    LetprigTramway*:— Sec- 

Seclioa  of  lail,  Sic.     Scale  1.  tion    ot   raU,    10    Ibi.    per    y«id. 

Scale  f 

their  deep  and  narrow  scantlings, — 8  inches  deep  and  3}  inches 
wide.  They  are  chamfered  to  receive  the  rails,  which  are  fastened 
to  them  by  4i-inch  spikes,  passed  through  holes  punched  in  the 
flanges.  The  longitudinal  sleepers  are  laid  on  end  notched  into 
transverse  sleepers,  7  inches  wide,  5  inches  deep,  and  6^  feet  in 
length,  placed  at  intervals  of  6  feet  between  centres,  and  laid  in 
ballast.  The  longitudinal  sleepers  are  secured  to  the  cross- 
sleepers  by  oak  wedges.  When  the  line  passed  through  streets 
already  paved,  the  pavement  was  renewed  for  the  whole  width. 
On  macadamised  roads  only  a  narrow  strip  of  paving  was  laid  on 
each  side  of  the  rail. 


The  Cassel   Tramway  was  opened   on  July  9th,  1877,  to  be 
worked  by  steam  locomotives,  supplied  by  Messrs.  Merryweather 


LISBON  TRAMWAYS.  313 

and  Sons.    The  section  of  rail  is  shown  in  Fig.  167,  with  the 
section  of  the  wheel-tyres  of  the  locomotives. 


Fig.  167,     Cassel  Tramway :— Seclion  of  ml  and  «hMl-tyre.     Scale  \. 


Lisbon, 

A  concession  was  secured,  in  1873,  by  Messrs.  Edwin  Clark, 
Punchard  &  Co.,  for  the  constniction  and  working  of  a  system 
of  tramways  in  Portugal,  51  miles  in  length,  from  Lisbon  toCintra, 
for  passenger  traffic,  and  from  Lisbon  to  Torres  Vedras,  for  goods 
and  wine  traffic  chiefly.  The  tramways  were  made  a  single  line, 
laid  on  common  roads;  they  were  to  be  worked  by  tank  locomo- 
tives, with  trains  of  passenger  cars  and  of  goods  cars,  at  a  speed 
of  15  miles  an  hour.  The  ruling  gradient  was  i  in  20,  and  the 
quickest  curves  were  of  a  radius  of  25  feet 

The  way  consisted  of  three  parallel  rails,  laid  on  transverse 
sleepers.  The  central  rail  was  an  iron  flat-footed  rail,  weighing 
36  lbs.  per  yard,  spiked  to  the  sleepers.  The  outer  rails  were 
wooden  trams  of  oak,  8  or  9  inches  wide,  and  3  inches  deep,  laid 
to  a  gauge  of  4  feet  a  inches  between  centres.  The  cross-sleepers 
were  alternately  long  enough  to  take  all  the  rails,  and  short  enough 
to  take  only  the  middle  rail  The  engine  and  the  train  were  guided 
by  the  central  rail ;  the  weight  of  the  train  rested  on  the  central 
rail,  whilst  the  greater  portion  of  that  of  the  engine  rested  on  the 
wooden  trams,  through  the  driving  wheels. 

The  engines  had  two  steam  cylinders,  1 1  inches  in  diameter, 
with  a  stroke  of  18  inches;  the  driving  wheels  were  3  feet  9  inches 
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in  diameter,  by  14  inches  wide  at  the  tyres.  The  working  pressure 
in  the  boiler  was  140  lbs.  per  square  inch.  The  engine  was  earned 
by  two  bogies,  one  before  and  one  behind,  arranged  as  bicycles, 
running  on  the  central  rail.  The  distance  between  the  centres  of 
the  bogies  was  13  feet  The  weight  of  the  engine,  empty,  was 
1 1  tons  1  i  cwt, ,  and,  in  working  order,  1 3^  tons,  of  which  %\  tons 
was  available  as  driving  weight.  According  to  Mr,  Curry,*  these 
engines  were  capable  of  taking  a  train  of  six  passenger  carriages, 
with  r32  passengers,  weighing  altogether  t2\  tons,  up  an  incline 
of  I  in  30.  The  heaviest  goods  train,  taken  up  the  same  incline, 
consisted  of  sue  waggons,  weighing,  with  goods,  aSJ-  tons. 
It  appears  that  these  tramways  have  been  abandoned. 


Wellington  City  Tramways,  New  Zealand. 
In  the  design  of  these  tramways,  Fig.  168,  constructed  in  1878, 

to  a  gauge  of  3  feet  6  inches,  it  seems  that  the  best  results  of 
experience  in  Europe  and  America 
have  been  ignored.  The  rail  is  a  flat 
bar,  3*  inches  wide,  \\  inches  thick, 
grooved  to  a  depth  of  J  inch,  and 
leaving  only  \  inch  thickness  of  metal 
under  the  groove.  The  rail  is  spiked 
through  the  groove  to  a  longitudinal 
sleeper  4  inches  wide  and  6  inches 
deep.    The  longitudinal  sleepers  rest 

Fio.  168,    WeUington  City       on  transverse  sleepers,  6  inches  wide 

^.TcV^Sc'^.fr'"'"   °'      "^y  4  m^^%   deep  and  5  feet  long, 

placed  at  distances  of  3  feet  5  inches 

apart  between  centres.     The  cross-sleepers  aie  fastened  to  the 

longitudinal  sleepers  with  a  small  knee  on  each  side,  and  one 

spike  each  way, 

•  "  The  Lisbon  Street  Tramway,"  a  paper  read  March  6,  1874,  at 
the  Institution  of  Civil  Engineers,  by  Mr.  Matthew  Curry,  jun.. 
Stud.  Inst.C.E. 


BUE.VOS  AYRES   TRAHtirAVS. 


Buenos  Ayres  Tramways. — Livesey's  Metal  Way 
Mr.  James  Livesey,  so  early  as  in  1869,  advocated  the  employ- 
ment of  an  iron  substructure  for  tramways,  constructed  on  the  prin- 
ciple   of  the   modem  railway,  with 
intermittent  bearings,  substituting  for 
the  continuous  wood-sleeper  system, 
with  the  objectionable  vertical  spike 
fastenings  then  in  vogue,  a  rail  of 
sufiicient  stiffness  supported  on  and 
solidly  and  simply  fixed  to  cast-iron 
bearings  or  stools  at  intervals.     In 

his  patents  of  that  year  he  showed    Fio,  169.  Buenos  Avres  Tram- 
,  -  ^  r    ■  ,  ,         w»yj; — Livesev's   Steel   Rail 

several  vanetics   of  iron    and  steel        Sy.iem,    Scale  J. 
tramway,  of  which  two  kinds,  shown 

in  Figs.  169  to  172,  were  laid  to  a  gauge  of  4  feet  &i  inches,  in 
the  dty  of  Buenos  Ayres,  the  first  section  having  been  opened  in 
October,  1870. 

The  steel  grooved  rail.  Figs,  i6"9toj7r,was  employed  for  the  city 
lines.  It  weighed  40  lbs.  per  yard,  and  it  was  rolled  in  lengths  of 
24  feet.     It  was  3J  inches  wide,  and  2f  inches  deep  at  the  roll- 


ing side,  being  formed  with  deep  flanges,  so  as  to  derive  the 
practical  maximum  of  strength  from  a  given  quantity  of  material. 
The  tread  was  1}  inches  wide,  the  groove  is  i|  inches  wide  and 
H  inch  deep.  The  width  of  the  groove  is  more  than  is  usual  in 
English  tramways,  but  the  width  is  not  inconveniently  great,  as  the 
narrowest  wheel  tyres  of  common  road  vehicles  at  Buenos  Ayres 
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are  3  inches  in  width.     The  least  thickness  under  the  tread  is 
i  inch,  and  at  the  sides  -^s  inch. 

The  rails  were  laid  on  stools  at  distances  of  3  feet  apart  between 
the  centres,  except  at  the  joints  of  the  rails,  where  an  extra  stool 
was  placed  under  the  joint.  The  stools  are  bolted  to  baseplates  of 
wrought  iron,  corrugated,  two  stools  to  each  baseplate,  except  at  the 
joints,  where  there  were  three  stools  on  the  baseplate.  The  base- 
plates are  4  feet  6  inches  in  length,  5^  inches  wide,  and  \  inch 
thick*  The  stools  were  each  3^  inches  long,  and  afforded  a 
bearing  of  that  length  for  the  rail.  The  rail  was  rolled  so  as  to 
form  a  dovetail  with  the  stool,  and  by  means  of  wedge-shaped 
keys  it  was  firmly  held  down.     At  the  joint,  the  rails  were  fixed  to 


Fig.  171.    Livcscy's  Steel  Rail.     Scale  J. 

the  chair  by  two  wedge-headed  bolts  and  nuts.  The  sides  of  the 
rail  were  flush  with  those  of  the  stools,  and  together  they  offered 
vertical  walls  for  the  close  abutment  of  the  pavement  Mr. 
Livesey  was  of  opinion  that  in  dealing  with  such  hard  and  rigid 
materials,  wrought  iron  is  preferable  to  cast  iron  as  a  material  for 
the  base,  and  that,  on  the  contrary,  cast  iron  is  preferable  to 
wrought  iron  for  the  standards  or  stools,  since  the  greater  mass  of 
cast  iron  absorbs  the  blows  of  the  traffic,  and  does  not  impart,  like 
wrought  iron,  a  tremulous  movement  to  vehicles.  The  rails  were 
tied  to  gauge  by  wrought-iron  tie-bars,  li  inches  deep  and  j  inch 
thick,  at  distances  of  3  feet  apart  They  passed  through  the 
stools  and  were  notched  to  fit  into  them,  and  keyed  into  position. 
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The  quantities  and  costs  at  current  prices  (July,  1877)  were  as 
follows  : — 

LiVESEV'S  GROOVE-RAIL  TRAMWAY,  PER  MiLE,  SINGLE  LiNE. 

Tom. 

440  lengths  of  steel  grooved  rails,  24  feet  long,  at  40  lbs.  per 

ya»d ;        ...    63 

440  X  4  >•  1,760  wroughc-iron  baseplates,  22}^  lbs.  each  .  '^'TS 

440  X  8  =«  3,520  cast-iroD  stools,  9!  lbs.  each  »  ^^ 

440  ,,       joints,  15  lbs.    ,,      j 

440  X  4  —  1,760  wrought-iron  tie-bars,  lo^  lbs.  each 

1,760  X  2  =  3,520  cotters,  6  ozs.  each 

3,520  +  440  =  3,960  X  2  =  7,gzo  base  bolts,  7  ozs.  each 

3,530  nTought-iron  bent  keys,  i^  lbs.  each 

440  X  2  .=  880  wrought-iron  joint  bolts,  i  lb.  each 

Total  weight  per  mile,  single  line    .  .  1 1 1  '35 

Taken  at  ^£9  per  ton,  in  the  gross,  the  cost  for  the  material 
aniounts  to  ;£i,oo2  per  mile. 

The  tramways  which  have  been  made  with  timber  substructures 
in  Buenos  Ayres,  have  been  taken  up  and  replaced  by  iron 
structures. 

The  second  kind  of  tramway,  Fig.  172,  used  in  the  suburban 
districts  of  Buenos  Ayres,  has  a  flanged,  or  Vtgnoles'  rail,  such  as 
is  used  on  railways,   except   that   it  is 
rolled  with  the  flange  narrower  at  one  side 
than  at  the  other,  to  admit  of  the  paving 
sets  at  the  outer  side  being  laid  close  to 
the  head  of  the  rail.    The  extra  width  of 
flange  at  the  inner  side  determines  the 
width  of  the  groove  in  the  pavement  for    p,^,.,     B««o»AyTM 
wheel  flanges,  and  it  acts  as  abutment  foi       Tmmways :  —  Livesey's 
the  contiguous  paving  sets.     The  rail  is       ^™°  ^|''  System. 
placed  on  a  cast-iron  stool,  to  which  it  is 
fixed  by  a  hook  bolt  and  nut ;  the  stool  is  bolted  to  a  flat  wrought- 
iron  baseplate,  which  rests  on  the  foundation.    The  stools  aie 
tied  to  gauge  by  means  of  cross-bars  and  cotters. 
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There  have  been  nearly  loo  miles  of  tramway  laid  on  Mr. 
Livesey's  system  in  the  city  of  Buenos  Ayres.  This  may  be  called 
the  City  of  Tramways,  where  a  tramway  runs  down  nearly  every 
street 

In  this  connection,  it  may  be  noted  that  Mr.  Livesey,  in  his 
patent  of  February,  1875,  describes  a  method  of  maintaining  the 
stone  sets  of  the  pavement  next  the  rails  at  the  same  level  as  the 
rails.  The  rail  is  laid  on  a  longitudinal  sleeper,  which  rests  on 
"a  flat  plate  sufficiently  wide  to  project  under  the  first  row  of 
stones  on  each  side  of  the  rail." 


Cockburn-Muir's  Iron  Way. 

Mr.  W.  J.  Cockbum-Muir  patented,  in  November,  1870,  a 
system  of  iron  way,  for  railways,  light  railways,  and  tramways,  of 
simple  design,  which  he  calls  the  ^'  block  sleeper "  system,  in 
which  the  rail  is  supported  at  regular  intervals  on  cast-iron  stools 
or  blocks.  It  is  shown  in  Figs.  173, 174, 175,  as  employed  for  tram- 
ways. The  rails  are  of  wrought  iron,  rolled  in  lengths  of  21  feet ; 
they  are  formed  with  the  ordinary  groove  on  the  upper  side,  and 
with  a  vertical  web  on  the  underside,  to  impart  to  the  rails  the 
needful  vertical  strength  between  the  bearings ;  they  weigh  30  lbs. 
per  yard,  and  are  3  inches  in  width.  The  sleepers  are  cast-iron 
blocks,  rectangular,  hollow,  open  at  the  base,  and  ribbed  interiorly. 
They  are  about  11^  inches  long,  7^  inches  wide,  and  6  inches 
deep,  outside  dimensions ;  and,  for  ordinary  traffic,  they  are  laid  at 
3  feet  6  inches  apart  between  centres.  The  span  between  the  sleepers 
is  only  2  feet  d^  inches.  They  are  laid  upon  the  floor  of  the 
excavation,  or  upon  a  prepared  bed  of  concrete.  In  laying  they 
are  turned  upside  down,  filled  with  gravel  or  coarse  sand,  and 
closed  with  a  hand  board,  then  returned  into  place  when  the 
board  is  slipped  out.  The  weight  of  one  block  is  from  43  i  lbs.  to 
48  lbs.,  according  to  the  nature  of  the  traffic.     The  blocks  are 
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chequered    on    the   upper  surface   to  give  foothold;   they  act 
as  paving  sets,  and  are  integral  portions  of  the  paving  of  the 


Fig.  173.     Cockbun-Mnir's  Iron  Way  it  Monte  Video,  &c. 
Streets.     As  the  sleepers  alternate  with  the  stone  sets  next  the 


FiO.  174.    Cockbura-Mnir'a  Iron  Way  : — View  of  sleeper  ■n4  rail. 

rails  *at  each  side,  the  foTmation  ot  ruts  or  furrows  at  the  sides  ol 
the  rail  is  prevented. 
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The  rails  are  rolled  with  a  fillet  on  the  outer  side  to  fit  into  a 
corresponding  groove  in  the  recess  of  the  blocks.  The  recess 
is  formed  to  receive  the  rail,  which  fits  it  exactly,  except  at  the 
outer  side  of  the  rail,  where  a  key  or  wedge  of  cast  iron,  13  inches 
long,  is  driven,  taking  a  bearing  for  the  whole  length  of  the  block, 
and  fixing  the  rail  to  the  block.  As  the  rail  rests  solidly  on  the 
block  for  its  whole  length,  the  key  also  acts  as  a  fish  at  the  joints 

of  the  rails,  and  the  actual  span  of 
the  rail  is  reduced  to  the  distance 
between  the  sleepers,  or  2  feet  6J 
inches. 

The  sleepers  are  connected  trans- 
versely,  and  tied  to  gauge,  by 
wrought-iron  bars,  which  are  |)assed 
right  through  the  blocks,  into  which 
they  are  keyed  at  the  outer  side. 

The  depth  of  the  sleepers  affords  space  for  a  i-inch  bed  of  sand, 
and  paving  sets  5  J  inches  deep. 

Mr.  Cockbum-Muir's  system  was  adopted  for  all  the  tram- 
ways at  Monte- Video.  It  is  also  in  use  at  Buenos  Ayres,  Salto, 
and  Bahia,  and  short  lengths  have  been  laid  at  Vienna  and 
Palermo.  At  Monte- Video  the  gauge  of  one  of  the  lines  is 
4  feet  io|  inches,  and  that  of  all  the  others  is  4  feet  Z\  inches. 
At  Bahia  one  part  of  the  line  is  laid  to  a  gauge  of  4  feet  8^-  inches, 
and  another  part  to  a  gauge  of  2  feet  5^  inches.  At  other  places 
this  system  has  been  adopted  on  a  gauge  of  4  feet  8^  inches. 

The  quantities  of  iron  per  single  mile  of  4  feet  8  J  inches  gauge 
are  as  follows : — 


\ 


Fig.  175.  Cockburn  -  Muir's 
Iron  Way  : — Rail,  sleeper, 
and  fastenings.     Scale  1^3. 


W.    J.   COCKBURN-MUIR'S  TRAMWAY,   PER    MiLE,   SINGLE    LiNE, 

Tons.  Cwts.  Qr9. 


Rails,  wrought  iron,  at  30  lbs.  per  yard 
830  tie- bars,  at  *]\  lbs.  each 
1, 66a  cotters  for  tie-bars,. at  0*15  lb.  each 
3,018  block  sleepers,  at  43 j^  lbs.  each.  . 
3,018  wedge  keys,  at  z\  lbs.  each 

Total  weight 


47 
2 

o 

58 

3 


3 

13 

2 

12 

7 


o 

3 
I 

I 

2 
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The  cost  of  the  materials  complete  amounted  (1877)  to  about 
;^87o  per  mile,  single  line. 

Portions  of  Mr.  Cockbum-Muir's  rail,  weighing  30  lbs.  per 
yard,  were  tested  by  Mr.  Kirkaldy,  as  the  rolling  proceeded, 
for  transverse  strength,  at  the  rate  of  one  sample  for  every  100 
rails.  The  test  rails  were  laid  on  a  span  of  2  feet  7  J  inches 
between  the  supports,  and  they  were  tested  by  loads  applied  at  the 
middle.  The  following  are  average  results  of  tests  of  ten  speci- 
mens of  rail : — 

Total  load  applied,  5, 000 lbs.  or  2'22i  tons.  6,800  lbs.  or  3*03  tons. 

Deflection, '16  inch  ,,  ,.  '60  inch. 

Set  '01     ,,  ,,  ,,  '41     1} 

Elastic  limit  of  load 5,200  lbs.  or  2*32    „ 

Ultimate  load  applied 9,073  lbs.  or  4*05    „ 


All  the  specimens  were  removed  unbroken.  Mr.  Cockbum- 
Muir  stated  that  the  greatest  weight  which  in  practice  comes  upon 
the  rail  does  not  exceed  3,500  lbs.,  or  i'i2  tons.  This  is  just 
half  the  elastic  strength  of  the  rail. 

After  having  been  down  in  Buenos  Ayres  upwards  of  ten  years, 
Mr.  Cockbum-Muir's  way  stood  well,  and  gave  great  satisfaction. 
The  manager  of  the  tramways  there,  Mr.  H.  W.  Ford,  reported 
in  September,  1880,  that  having  during  the  preceding  two  years 
watched  the  working  of  three  miles  of  this  way,  the  Puente  Ulsina 
line,  laid  on  a  very  bad  road,  together  with  other  lengths  in  the 
city  streets,  he  arrived  at  the  conclusion  that  this  was  "  the  best 
horse  tramway  in  that  part  of  the  world."  The  block  sleepers,  he 
added,  stood  remarkably  well,  and  were  easily  packed ;  they 
resisted,  without  harm,  tHe  blows  bf  the  heavy  ox-carts,  and  one 
reason  for  their  stability  is  no  doubt  to  be  foynd  in  the  block-and- 
key  combination,  which  constitutes  ''an  efficient  equivalent  for 
fish-plates,  keeping  the  rail  joint  stiff  and  true." 

Subsequently,  Mr.  Cockbum-Muir,  at  the  instance  of  others, 
adopted  steel  for  the  material  of  his  rails,  selecting  Siemens  steel, 
for  extensions  of  the  lines  of  tramway  in  Monte- Video.  The 
Lima  tramways  also  were  constructed  with  Siemens  steel  rails  on 

Y 
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this  system.  These  steel  rails,  weighing  30  lbs.  per  yard,  and 
measurmg  3*05  inches  in  extreme  width,  and  2*35  inches  in  depth, 
have  been  tested  for  transverse  strength.  They  were  tested  in 
lengths  of  2i\  f<sct,  laid  on  supports  at  a  distance  of  2  feet  7^  inches 
apart    The  best  of  five  samples  yielded  the  following  results : — 


Stress  at  the  middle. 

Deflection  (steel  nil). 

5,000  lbs. 

'12 

inch 

7,000    „ 

•19 

10,000    „ 

'33 

11,300    „ 

'43 

12,500    „ 

•62 

15,000    „ 

1*21 

i7»5oo  « 

2*69 

or  8^55  tons  I  ^"^^^"*^®  **'^^^^^'^^    "    ^^^^^^°)- 

Plotting  these  deflections  as  ordinates  to  a  base  line  represent- 
ing the  stresses,  and  drawing  a  curve  through  the  ends,  it  appears 
that  the  yielding  point  of  the  curve  corresponded  to  a  stress  of 
9,000  lbs.,  or  4  tons,  at  the  middle,  where  the  deflection  was  *25 
inch.  This  load  of  4  tons  should  be  taken  as  the  measure  of  the 
elastic  limit  of  strength.  But  Mr.  Cockbum-Muir  prefers  to 
fix  the  limit  at  the  stress  under  which  permanent  set  commences 
to  take  place,  which  in  this  instance  amounted  to  11,300  lbs.,  or 
5  tons,  when  the  deflection  was  '43  inch.  The  average  results 
for  the  five  samples  which  were  tested,  when  permanent  set  began, 
were  as  follows : — 

Elastic   limit  of  load,    according   to   Mr. 

Cockbum-Muir 10,320  lbs.  or  4*61  tons 

Maximum  deflection  without  permanent  set    '40  inch. 

Ultimate  load i7j766  lbs.  or  7-93  tons. 

Deflection. — ^3  rails  remained  unbroken  at  6  inches  of  deflection; 

2  rails  were  broken  at  5'8  inches  of  deflection. 

The  maximum  weight,  i'i2  tons,  or  2,500  lbs.,  that  could  be 
placed  on  the  rails  when  in  place  at  their  destination,  leaves  ample 
margin  of  strength.     The  deflection  under  that  weight  at  the 
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middle  does  not  exceed  '06  inch,  iV  inch,  when  the  rail  is  free  on 
the  supports.  But,  regarding  the  rail  as  a  continuous  beam,  as  it 
practically  is,  when  keyed  into  the  block  sleepers,  the  deflection 
must  be  something  less  than  a  fourth  of  this,  or  -g^  inch.  This,  it 
is  needless  to  add,  makes  a  sufficiently  stiff  way  for  the  locality. 

Where  the  general  traffic  of  the  street  is  heavier  than  the  limit 
above  stated,  of  course  the  rail  should  be  proportionately  stronger. 
But  there  is  a  plentiful  reserve  of  stiffness  in  Mr.  Cockbum-Muir's 
way,  which  is  attributable,  not  only  to  the  compactness  of  the 
rail  in  section,  but  in  great  measure  to  the  scope  and  firmness  of 
the  fastenings. 

To  compare  these  steel  rails  with  the  iron  rails  of  the  same 
section  and  weight,  30  lbs.  per  yard,  already  noticed,  the  following 
are  corresponding  results  of  tests  for  transverse  strengths  of  ten 
samples  of  iron  rails.  The  results  for  the  best  samples  were  as 
follows.  On  bearings  2  feet  i\  inches  apart,  loaded  in  the 
middle : — 

Deflection  (iron  rail). 

'09  inch 

•10  „ 

•II  >>     . 

•13  .. 

•14  M 

•17  »» 

5,650  „  Elastic  limit, according  to  Mr.  Cockbum-Muir. 

'22^  inch 

•35    M 
•48    „ 

•98    » 
Y^  t  "  (  ^^^i™*^®  stress  6*00    ,,  (unbroken) 

The  average  results,  already  given,  for  the  ten  samples,  are  here 
repeated  for  the  sake  of  comparison. 

Elastic  limit  of  load,  according  to    Mr. 

Cockbum-Muir 5)200  lbs.  or  2*32  tons. 

Maximum  deflection  without  permanent  set    '16  inch. 
Ultimate  load       •...••    9,073  lbs.  or  4*05  tons, 

V  2 


Stress  at  the  middle. 

3,800  lbs. 

4,000 

f> 

4,200 

n 

4.600 

»> 

5,000 

» 

5»6oo 

>» 

5*650 

„Ek 

6,000 

>l 

6,600 

y» 

7,000 

» 

7,600 

n 

8,000 

it 
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The  average  elastic  limits  given  for  the  iron  rails  and  the  steel 
rails  respectively  are  5,200  lbs.  and  10,320  lbs.,  whilst  the  corres- 
ponding deflections  without  permanent  set  are  •16  inch  and  '40 
inch,  indicating  that  whilst  the  elastic  strength  of  the  steel  rails  is 
double  that  of  the  iron  rails,  the  deflection  is  more  than  double, 
and  that  the  stiff'ness  of  the  steel  rail  is  practically  not  more  than 
that  of  the  iron  rail.  Under  the  medium  stress,  5,000  lbs.,  or 
2  J  tons,  the  deflections  are  respectively  '14  inch  and  -12  inch  for 
iron  and  steel,  showing,  in  practice,  equal  stiffness. 

The  weight  of  metal  in  Mr.  Cockbum-Muir's  way  has  already  been 
given.  It  remains  the  same  with  the  steel  rail  of  30  lbs.  per  yard, 
making  in  tons  18}  cwt  per  mile,  single  line,  the  cost  of  which 
at  current  prices  (March,  1881)  amounted  to  about  ;f  900  per  mile, 
averaging  about  ;^8  per  ton. 


Mannheim  and  Ludwigshafen. — De  Feral's  Iron  Way. 

The  iron  way  qf  M.  de  Feral  consists  of  a  girder-rail  laid  on 
wrought-iron  sleepers,  with  clip-fastenings.  It  was  first  laid  at 
Metz,  by  M.  Feral,  for  a  length  of  8  J  miles,  opened  in  October, 
1876 ;  then  at  Ludwigshafen  for  a  length  of  6J  miles,  opened  in 
May,  1878  ;  at  Leiden,  for  a  length  of  5  miles,  opened  in  Novem- 
ber, 1879  ;  ^^^  ^^  Antwerp,  for  a  length  of  3?  miles,  opened  also 
in  November,  1879. 

The  flange-rail  and  the  base-plate,  shown  in  section,  Fig.  176, 
are  both  of  rolled  iron.  The  rail  weighs  23  kilogrammes  per 
metre,  or  46  J  lbs.  per  yard,  and  is  rolled  in  lengths  of  6  J  metres, 
-or  21  feet  4  inches.  They  are  15  centimetres,  or  5-9  inches,  deep. 
The  head  of  the  rail  is  21V  inches  wide,  of  which  the  tread  is 
I  iV  inches  in  width,  and  the  remainder  is  a  horizontal  flange  pro- 
jecting from  the  base  of  the  head  to  form  a  groove  in  conjunction 
with  the  paving  stones.  The  flange-base  is  3  inches  wide.  The 
base  and  the  web  average '9  millimetres,^ or  -35  inch  in  thickness. 
Tfie  fish-plates  are  8  inches  long,  and  -A-  inch  thick,  and  are  fixed 
wi^h  four  •ff-inch  bolts  and  nuts,  two  deep.    • 
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The  base  is  not  continuous,  but  consists  of  rolled  iron  ribbed- 
plates,  '35  inch  in  thipkness,  iij  inches  wide,  having  threevertical 
ribs  on  the  lower  side;  malcingthe  total  depth  of  the  base  zj  inches. 
These  are  similar  in  section  to  the  Hilf  sleeper  laid  in  Continental 
railways,  and  they  take  a  secure  hold  of  the  subsoil.  They  are 
about  8  inches  long  inteimediately,  and  about  ii}  inches  long  at  the 


Fig.  i;6,    De  Ftral'*  Way,  iraniiheim,  Ladwigthifen,     ScJe  J. 

joints.  The  rails  are  fixed  to  the  bases  by  means  of  clips  riveted 
at  one  side  of  each  chair,  and  bolted  at  the  other.  The  bases 
are  laid  at  distances  of  5  feet  4  inches  apart  between  centres. 

The  iron  sleepers  are  simply  laid  in  the  bottom  of  the  space 
cleared  for  the  way.  There  is  not  any  other  preparation  or  foun- 
dation. 

Approximate  Quantities  per  Mile,  Single  Line,  of 
De  Feral's  Way.     1878. 

Iron  Rails,  46  lbs.  per  yard 73     tons 

Base-plates:— 496  joinis@  22  lbs 4'9     .. 

1,488  intermediates®  13  lbs.         ,        .  8-6     ,, 

Fish-plates,  496  pairs  @  7J  lbs.  per  pair  (bolts  eslra)  16     „ 

■    Tie-rods,  744  at  4^  lbs.  each i-j     „ 

Total  weight]        .  .     89*6  tons. 
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Here  follow  notices  of  three  South  American  tramways  of  leant 
design,  in  which  the  girder  rail  is  employed  :— 

City  of  Buenos  Ayres  Tramways 
(Mr.  Edward  Woods,  Engineer). 

Original  Section.— The  girder  rails,  Fig.  177,  are  of  steel, 
weighing  103  lbs.  per  yard.  They  stand  6i  inches  high,  6  inches 
wide  at  the  base.  The  webs  of  the  rails  are  I  inch  thick ;  the 
heads  are  34  inches  wide,  and  the  grooves  are  i  inch  wide.  The 
fish'plates  are  J  inch  thick,  18  inches  long,  weighing  ji  lbs.  per 
pair,  and  fastened  with  four  J-inch  bolts  and  nuts.    The  maximum 


.Fios.  177  ind  178. 

length  of  the  rails  is  a^  feet,  for  each  pair  of  which  there  are  five 
cross  iron  tie-bars,  2  inches  by  \  inch,  slotted  and  fixed  with 
cotters. 

Amended  Section,  Fig.  178. — A  slight  addition  to  the  weight  of 
the  rails  was  made,  to  the  extent  of  3  lbs.  per  yard,  making  a  total 
of  106  lbs,  per  yard,  .The  fish-plates  were  extended  to  a  length  of 
34  inches,  and  to  \  inch  thick,  or  ^  inch  thicker  than  the  original 
plate ;  and  there  are  six  bolts  and  nuts  to  each  pair  of  fishes. 
The  weight  of  fish-plates  was  thus  augmented  to  36  lbs.  per  pair. 

The  quantities  per  mile  of  way,  single  line,  are  as  follows :— 
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City  of  Buenos  Ayres  Tramways.— Quantities  of  Way, 

Single  Line. 


Origioal  section. 

Amended  section. 

Rails 

Fish-plates     • 

Fish-bolts 
Tie-bars . 
Tie-bar  cotters 

• 

Total 

Rails 

Fish-plates 
Fish-bolts 
Tie-bars    . 
Cotters      . 

Tons 

Weight  pel 

Weight  „ 
Pairs       ,, 

Weight  „ 

Weight  „ 
Number  ,, 

Weight  „ 

Weight  „ 
Number ,, 

Weight  „ 

Weight  ,. 
Number ,, 

Weight  „ 

•yard 
mile 

pair 
mile 

>> 

bolt 
mile 

»> 

bar 
mile 

cotter 
mile 

103  lbs. 

tns.   cts.  q.  lb*. 

161  17  0  16 

106  lbs. 

tns.  cts.  q.  lbs. 
166    II    I    20 

22  lbs. 

400 
tns.  cts.    q.  lbs. 

3    18    2    8 

36  lbs. 
400  pairs 

tns.  cts.   q.  lbs. 
6828 

lib. 

1,600 

cts.      q.    lbs. 

14       I       4 

I  lb. 
2,400 

tns.  cts.  q.    lbs. 
I      I      I     20 

16  lbs. 
1,000 

tns.  cts.  q.    lbs. 
7     2     3      12 

16  lbs. 

1,000 
tns.  cts.  q.    lbs. 
7     2     3     12 

^Ib. 
4,000 

cts.     q.    lbs, 
17      3       12 

^Ib. 

4,000 
cts.     q.    lbs. 

17    3     12 

1 

Wei( 

5H1 

:  OF  Mati 

tns.      cts. 
161      17 

3     18 
0    14 

7      2 

0  17 

TRIALS  P 
q.     lbs. 

0  16 

2  8 

1  4 

3  12 
3      12 

ER  ]W 

tns. 
166 

6 

I 

7 
0 

[ILB. 

cts.    q.     lbs. 

>  II      I      20 

828 

1  I      20 

2  3       12 

>  17     3     12 

•              • 

I 

74    10 

2      22 

182      2    0    16 

The  cost  of  the  material,  according  to  the  amended  section,  as 
above,  per  mile  of  way,  delivered  in  Antwerp,  was,  in  1891, 

;^I,200. 

Tests  for  Rails  of  the  Amended  Section. 

The  rails  were  tested  by  Mr.  Woods  in  the  following  manner : — 
xsU  By  Falling  Wag/it. — A  piece  of  rail  10  feet  long  was  placed 
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0:1  bearings  3  feet  6  inches  apart  centre  to  centre,  and  a  weight 
of  I  ton  was  allowed  to  fall  on  its  middle  point.  The  first  blow- 
was  from  a  height  of  10  feet;  the  second  15  feet,  and  the  third 
30  feet  The  average  amounts  of  bending  produced  by  these  blows 
were : — 

For  ist  blow  i'56  inches. 

>.    2nd    „     3-29      „ 

..    3rd    „     5-55      „ 

itid.  By  Pressure  Tests. — A  piece  of  rail  10  feet  long  was  placed 

on  bearings  3  feet  6  inches  apart,  centre  to  centre,  and  pressure 

was  applied  at  the  middle  point.    The  following  were  the  average 

results : — 

Cmlral  Awik8  Awmce 

preuurc  deflixlisB.  pcnnancnt  Kt. 

ToH.  Inchoi.  Inchci. 

20  0054  0-0 

25  0064  00 

30  O'lOI  O'O 

3S  0134  00 

40  o'lSj  o'024 

yd.  By  Tests  for  Tensile  Strength  and  Ductility. — The  average 
tensile  strength  per  square  inch  of  original  section  was  33*15  tons: 

The  average  reduction  of  area  at  the  place  of  rapture  by  ten^le 
stress  was  49  per  cent,  of  the  original  section. 

Buenos  Avres  Grand  National  Tramway. 

Sir  George  B.  Bruce,  the 
engineer  of  this  tramway,  em- 
ployed girder-rails,  weighing 
75  lbs.  to  77  lbs.  per  yard,  bedded 
on  concrete.  The  rails.  Fig.  179, 
are  6  inches  high,  and  6  inches 
wide  at  the  base,  in  lengths  of 
30  feet.  The  web  is  |  inch  thick  ; 
the  head  is  2}  inches  wide;  the 
'       groove  is  i  inch  wide.   The  joints 

^'S'  •."5- ,  5"""*^  ^J^c"  ?'""l      are  fished  with  two  plates  A  inch 
National  Tnlmwav :  SeclloQ  of         ,.  ,         ,   .      ,        ,  .,    , 

Rail  and  Joint.    Bcile}.  thick,    to  mches  long,  with  four 
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3-inch  bolts  and  nuts.    The  rails  aie  tied  to  gauge  with  slotted 
tie-bars  ij  inches  by  iV  inch,  with  cotters,  of  which  there  are 
six  for  each  3o-{eet  rail,  at  5  feet 
intervals.      The   gauge    is   4  feet 
8i  inches.     The  surface  is  paved 
with  granite  sets- 


FlG.  I  So.  La  Plata  Tramway*  : 
— Section  of  rails  and  fasten- 
ings.    Scak  \. 


La  Plata  Tramways. 
The  girder-rail,  Fig.  iSo,  designed 
by  the  engineer  of  La  Plata  Tram- 
ways, Sir  Douglas  Fox,  weighs  75  lbs. 
to  76  lbs.  peryard.  They  are  6  inches 
^■g)^)  5i  inches  wide  at  the  base, 
with  (-inch  webs.  The  head  is 
3i  inches  wide,  with  a  groove 
1  inch  wide.  The  lish-plates  are  of 
i-inch  metal,  with  j-inch  bolts  and 
nuts. 

American  Practice. — High  Gir- 
der Rail,  Philadelphia  Type. 
This  rail.  Fig.  181,  is  an  adapta- 
tion of  the  Philadelphia,  or  step 
rail,  already  noticed,  to  the  girder 
rail.  The  rail  is  9  inches  high, 
5  inches  wide  at  the  base;  the 
step  is  li  inches  high,  and  the 
total  width  of  the  head  is  si  inches. 
The  web  of  the  ordinary  girder-rail 
is  usually  pared  down  to  a  thickness 
of  from  J  inch  to  iV  inch.  So  far, 
it  has  been   noted,  none    of   the 

leading  patterns  of  girder  rail  has  failed  in  consequence  of  being 
too  thin. 
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THE   GIRDER   RAIL. 


The  girder  rail  was  originally  invented  and  patented  by  Mr. 
Charles  Burn,  in  October,  i860,  according  to  the  section,  Fig.  182, 
which  is  well  proportioned,  and  is,  in  fact,  a  modification  of  the 

Vignoles  rail  for  railways.  It  was  re- 
invented and  patented  by  M.  Achille 
Legrand,  of  Paris,  in  January,  1877, 
according  to  the  section.  Fig.  183. 
Mr.  J.  Gowans  patented,  in  July,  1878, 
a  modification  of  the  girder  rail.  Figs. 
35>  36  (pp.  132, 133)1  in  which  the  base 
flange  is  wider  at  the  outer  side,  under 
the  tread,  than  at  the  inner  side.  Open- 
ings were  made  through  the  web  of  the 
rail  at  short  intervals,  in  order  to 
lighten  the  rail,  and  to  admit  of  the  binding  of  the  concrete 
packing  through  the  rail.  This  rail  was  tried  experimentally  in 
Edinburgh  in  1877 — 78,  and  in  Dundee  in  1879. 

Although  the  girder  rail  was  not  in  any  sense  the  invention 
of  Mr.  Gowans,  yet  to  him  belongs  the  merit  of  introducing 
and  testing  the  girder  type.  By  the  rule  of  experience  it  has  been 
made  evident  that  built-up  rails — rails  constructed  of  two  or  more 
pieces — are  not  suited  for  tramway  service,  especially  with  steam 
locomotion ;  and  that,  like  railway  rails,  it  is  necessary  that  they 
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Fig.  182.  Barn's  Girder  Kail. 
Section. 
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should  be  rolled  as  one  piece.  The  tramway  girder  rail  is  a  clear 
instance  of  the  survival  of  the  fittest ;  although,  singular  to  say, 
it  was,  as  above  noted,  announced  to  the  world  nearly  twenty 
years  before  it  was  brought  into  practical  use. 

Though  the  foregoing  evidence,  supplied  by  a  few  leading  tram- 
ways in  favour  of  the  girder  rail,  led  up  to  the  employment  of  the 
girder  rail  in  the  case  of  the  Glasgow  Tramways,  the  Kincaid 
Tramways,  and  the  Manchester  Tramways,  there  is  a  notable 
exception  in  the  case  of  the  Liverpool  Tramways,  in  the  develop- 
ment of  which  the  Deacon  system  has  been  retained.  Much  of 
the  excellence  of  this  system  is  fairly  due  to  first-rate  material  and 
workmanship,  to  the  general  design  also,  and  specially  to  the 
binding  of  the  rails  and  sleepers  by  bolts  to 
the  foundation  of  concrete.  The  facility  for 
extracting  paving  sets  at  the  surface  when 
required,  without  disturbing  the  neighbouring 
sets,  is  also  to  be  noted. 

A  few  medium  and  minor  tramways,  also, 
have  retained  for  new  work  the  system  of  way  on 
which  they  were  originally  executed.  With  these 
limited  exceptions,  new  work  and  renewals  are 
now  constructed  with  girder  rails.  A  great  variety 
of  sections  of  tramway  rails  are  exhibited  in 
the  Table,  pages  332  and  333,  in  which  upwards 
of  forty  rail  sections  are  noted,  with  the  corres- 
ponding illustrated  sections,  Figs.  184  to  205, 
and  206  to  226  (pages  336,  337).  These  data,  reduced  from  the 
section  sheets  of  Messrs.  Dick,  Kerr  &  Co.,  exhibit  a  remarkable 
variety,  the  reason  of  which  is  not  very  obvious,  though  probably 
one  of  the  chief  causes  has  arisen  from  the  difficulties  of  rolling 
such  sections, — prohibitory,  for  the  most  part,  in  the  early  days  of 
girder  rolling, — in  large  and  spread  sections.  Much  of  the  difficulty 
has  disappeared  since  steel  was  introduced  to  take  the  place  of 
iron,  for  the  manufacture  of  girder  rails,  which  it  now  does  entirely; 
and,  in  any  case,  larger  and  stronger  sections  have  been  in 
demand  to  meet  the  heavier  work  of  steam  traction. 


Fig.  183.  Girtler 
Rail,  by  A. 
Legrand. 
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Table  of  Weights  and  Leading  Dimensions  of  Steel 

Tram  Girder  Rails. 

(Reduced  from  the  Section  Sheets  of  Messrs.  Dick,  Kerr  &  Co.) 


■o 

M 

Thickness 

•s  . 

'M-t 

of  base. 

Order 

number. 

Nasnci  of  tramways. 

Weigbt  of 
rail  per  yard. 

Hcieht  by 

width  of 

base. 

-1 

iS2 

^S 

^** 

Is 

At 

Near 

F 

Ins. 

6  Z 

edges 

web. 
Inch. 

No. 

Xramways. 

Lbs. 

Ins.  by  ins. 

Ins. 

Inch 

Inch. 

2 

Spanish    . 

50  to  53 

4JX4 

3 

I 

l'* 

i 

i 

r 

Gateshcad-on-Tyne . 
Woolwich  and  South- 

-V 

3^ 

east  London  . 
Wigan 

^S6  »  58 

5*^4 

3 

I 

1 

i 

i 

V 

Ipswich    . 

^ 

Madrid    . 

s 

Bucharest 

6^ 

Brij^hton  . 

^60  „  63 

5   X5 

3 

I 

iiV 

i 

i 

Malaya    . 

Panama  . 

9\ 

Norwood  &  Croydon 

Hartlepool 

South  Staffordshire . 

1  74  M  77 
>  75  »  78 

6  x6 

3 

I 

1 

A 

t 

10  < 

Cardiff     . 
Southampton   . 

6  x6 

3 

I 

s 

A 

f 

( 

La  Plata  . 

i 

Accrington 

) 

"i 

Port  Glasgow  . 
Birmingham  Midland 

j  75  M  78 

6   x6 

3ft 

I 

1 

iV 

f 

■■^1 

Manchester,     Bury, 
and  Rochdale 

1  88  „  92 

6   x7 

3ft 

1 

iV 

A 

§ 

H 

Newcastle-on-Tyne  . 

90  „  94 

7   ^7 

3 

I 

f 

A 

A 

'A 

Manchester,     Bury, 
and  Rochdale 

1  90  M  94 

7  x7 

3i 

I 

i 

i 

full. 

i 

i6 

Dublin  United 

90  „  94 

7   ^7 

3 

i 

f 

bare. 

f 

17 

Brazilian . 

35 

3ix3 

2f 

1 

i 

A 

« 

i8 

( 

Bridgetown 
London,  Camberwell, 

40  „  42 

3i^3 

2i 

I 

A 

A 

i 

■' 

and  East  Dulwich . 
Portsmouth 

>65„68 

5Jx5 

3ft 

I 

i 

bare. 

20  1 

Brisbane  . 
Seville 

1  55  M  57 

4jx4 

3 

I 

1 

i 

A 

21 

Brisbane . 

77  n  80 

6   x6i 

3 

I 

1 

i 

A 
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Table  of  Weights  {continued). 


Order 
number. 


1 


No. 


25 


26 

27 

28 

29 
30 

33 
34 

36 

37 

38 

39 
40 

41 
42 

43 

44 
45 

46  [ 

47 
48 

49 

50 
51 
54 

55 


Names  of  tramways. 


Tramways. 

Btrmingham    . 
Leeds 

Huddersfleld    . 
Bradford . 
North  London  . 

Melbourne 

Melbourne 

Melbourne 

North  Metropolitan 

South  London  . 

Edinburgh 

Berlin 

Guinness  Brewery 

German    . 

German    . 

Argfentine 

Guinness  Brewery 

Argentine 

Argentine 

Argentine 

Midland  . 

South  London  . 

Argentine 

Argentine 

Argentine 

Hamburg 

Barcelona 

London     . 

Spanish    . 

Mexican  . 

Glasgow  . 

Indian 

Alford  and  Sutton 

German    . 


Weight  of 
rail  per  yard. 


Lbs.' 


97  to  100 


90  „  92 
67  „  70 

74  »»  77 
87  „  90 

90  M  93 


76 
90 
82 

103 

79 

84 
102 

76 

lOI 

106 

85 
7^ 

I  86 

90 
48 
41 

79 

46 

83 


80 


Heic^ht  by 

width  ot 

base 


Ins.  b/  ins. 

7  ^7 

6   x7 

5ix5i 
5  A  ^  6g 

7TVx6ft 

6   X4J 

7i>^4 

7k  ^^71 
6   x5l 

7*^4 
6   x7 

6   X7 

5i><6J 

6   x6 

8  x6 
6Jx7 

6  x4j 

5ix5i 
5sX5f 

7  x^i 


4 
6 


>«4g 
X4 


6Jx5i 
7    x6i 

4f  ?<  3  A 
7i^5i 


8  . 

•sg 

•^  o 


Ins. 


3h 


3i 

3f 


t 


4J 

3* 

3 

3^ 

34 

3 

3i 

3i 

3A 

3J 

4t 

3* 
3iV 

3i 
3J 
3i 

3f 


**  o 
•a  o 


& 


Ins. 


.1 


7 

5 


I 

14 
I* 

7 

7 
7 

i| 

I 

li 
I 

.S' 


3^- 


Inch. 


lull, 
full. 


?; 


(BT 


f 

A 
i 

3 

I 


t 


Thickness 
of  base. 


At 


Neai 
web. 


Inch.  Inch 


bate. 


i 
i 

f 

i 
t 

A 
A 

H 


A 
A 

bare. 

A 


{ 


X 
0 


A 
i 
A 


'ff 


Reverting  to  the  Table,  it  appears  that  steel  girder  rails  have 
been  rolled,  weighing  from  50  lbs.  per  yard  to  106  lbs.  per  yard ; 
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that  girder  rails  vary  in  height  from  4  inches  to  a  maximum  of 
8  inches ;  and  from  a  3-inch  width  of  base  flange  to  a  maximum 
width  of  7  inches,  and  that  the  head  varies  from  2|  inches  to 
4i  inches  in  width. 

The  flange  base  tapers  transversely  in  thickness  from  about 
\  inch  in  thickness,  near  the  edge,  to  from  i  inch  to  H  inch, 
speaking  generally,  near  the  web :  the  base  joining  the  web  with  a 
quarter  circle  filling.  The  web  is  most  commonly  from  f  inch  to 
^  inch  in  thickness.  In  several  instances  the  thickness  of  the  web 
is  excessive,  as  in  No.  36  and  others.  Nos.  i,  14, 15,  i6yand  30 
are  fairly  well-balanced  sections,  without  undue  fulness  of  web ; 
and  having  the  vertical  centre  line  of  the  web  just  in  line,  or  very 
nearly  so,  with  the  edge  of  the  groove,  through  which  the  vertical 
pressure  of  the  load  passes.  No.  28  gives  an  instance  of  a  bad 
side-bearing  for  the  fish-plates,  under  the  tread.  It  is  much  too 
oblique  for  stability,  and  would  have  been  much  better  if  it  had 
been  more  steeply  sloped,  with  a  suitable  fish-plate,  as  indicated 
in  dot  lining.  Nos.  6,  47,  and  55  offer  good  bearing  surface  for 
fish-plates.  In  No.  35,  the  overhang  of  the  principal  bearing  point 
of  the  tread  is  specifically  bad,  resulting  in  severe  torsional  stress. 

The  lip  flange  or  guard,  forming  the  outer  side  of  the  groove, 
should  be  about  \  inch  in  thickness. 

The  usual  tests  for  steel  tramway  girder  rails  are  as  follows  : — 

Breaking  stress,  tensile,  from  37  tons  to  43  tons  per  square 
inch;  elongation  in  a  length  of  8  inches,  at  least  15  percent; 
contraction  of  sectional  area,  at  least  30  per  cent.  A  short  piece 
of  the  rail,  5  feet  long,  placed  on  supports  3  feet  apart,  must  resist 
a  blow  from  a  weight  of  i  ton  falling  freely  on  its  centre  or  middle 
point,  from  a  given  height,  without  causing  more  than  i  inch  of 
deflection  at  the  centre,  according  to  the  following  scale : — 

Weight  of  rail  per  yard.  Height  of  first  fall.         Height  of  second  (all . 

60  lbs.  to  70  lbs.  6  feet.  15  feet. 

70     „      80   „  7    „  17J  ,, 

80      „       90    „  8    „  '20     „ 

90        „      100     „  9     „  22\  „ 

The  same  piece  of  rail,  after  having  been  so  tested,  must,  in  the 
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same  position,  be  exposed  to  a  second  blow  from  the  same  weight 
falling  freely  through  the  heights  above  noted  for  the  second  fall, 
without  exhibiting  any  sign  of  fracture. 

The  girder  rails  for  the  Huddersfield  Corporation  Tramways 
^ere  tested  both  for  deflection  under  a  falling  weight,  and  also  for 
deflection  under  a  given  dead  pressure.  A  piece  of  the  Hudders- 
field rail,  of  98  lbs.  per  yard,  5  feet  long,  was  laid  on  supports 
3I  feet  apart ;  and  was  exposed  to  four  successive  blows  from  a 
falling  weight  of  half  a  ton,  or  1,120  lbs.,  dropped  through  a 
height  of  20  feet 

1st  blow     ^  inch  deflection  at  middle 
2nd  „      ifl 
3rd    „      2% 

A  dead  pressure  of  25  tons  was  applied  at  the  middle  of  a  like 
piece  of  rail  for  a  period  of  thirty  minutes.  The  load  was  then 
removed,  and  it  was  found  that  there  was  no  permanent  set. 

Samples  of  girder  rails  supplied  by  Messrs.  Dick,  Kerr  &  Co. 
to  several  tramway  companies  were  tested  for  tensile  resistance. 
Particulars,  with  sections  of  the  rails,  are  given  in  the  Table,  pages 
332  and  333,  and  illustrations,  Figs.  184  to  205,  and  206  to  226 
(pages  336,  337).  They  can  be  identified  by  means  of  the 
reference  order  numbers. 

Results  of  Tests  of  Tramway  Girder  Rails  for  Tensile 

Resistance. 


»> 


>> 


it 


>> 


>» 


>y 


Tramway. 

Order 

no.  of 

section. 

Weight 

ofndl 

per  yard. 

Breaking^ 

weiffht 

(tensile)per 

sq.  inch. 

Elongation 

in  a  length 

of  eighteen 

incnes. 

Contrac- 
tion of 
sectional 
area. 

West  Metropolitan    • 
Durban      •        • 
Calcutta    • 
North  Metropolitan   . 
Huddersfield 
London      • 
Brazilian    • 

No. 

10 

6 

SI 
30 

47 
17 

Lbs. 
76 

50 

95 

98 
90 

37 

Tons. 
42-13 

41-55 
4476 

42*00 

43-81 
39-61 

39-28 

Per  cent. 
24-90 
23-00 

I9'25 
21-00 

i8-io 
20-40 
20-50 

Per  cent. 
52-64 

53-18 
52-40 

55-60 

47-80 

58-88 

51-95 

Averages   • 

•  • 

. . 

41-87 

2 1 '02 

53-20 
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No.  2, 


No.  3. 


I 


^w!g??^^^ra»h 


No.  6. 


No.  9. 


No.  ir. 


No.  16. 


No.  21. 


No.  13 


No.  14. 


No.  17.         No.  18, 


No.  19. 


No.  25. 


^'•^^'^T^^^^^^^^^^??-^  ^ffl'^^T^^^^^^^^^^^^TOft  fl????^^1^^^^^ 

No.  28.  No.  29.  No. '30.  •      No.  3T. 


No.  10. 


No.  15, 


No.  20. 


No.  27. 
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A  type  of  girder-rail  tramway  recently  designed  and  constructed 
by  Mr.  Joseph  Kinciud,  is  illustrated  by  Figs.  237  and  128.  The 
railsareof  steel,  weighing  78  lbs.  per  yard;  6  inches  high,  6  inches 
wide  at  the  sole  or  base.  The  web  is  j  inch  thick ;  the  base  is 
\  inch  thick  near  the  web; 
tapering  in  section  to  iV  inch 
at  the  edges.  The  head  is 
3  inches  in  total  width,  giving 
1^  inches  width  of  tread, 
I  inch  width  of  groove,  and 
\  inch  width  or  thickness  of 
guard -flange  or  fillet.  The 
rails  are  fished  with  }-iDch 
iron  plates,  14  inches  long, 
and  four  l-inch  bolts  and 
nuts.    The  joints  are  further 

lUili  and  Futenings.    Scale}.  plates,    or   slipper  -  plates,  16 

inches  long,  9  inches  wide, 
Aimed  over  the  edges  of  the  base,  to  give  a  tight  hold  of  the  ends 
"of  the  raits  without  the  aid  of  bolts. 

The  ground  is  excavated  for  a  depth  of  la  inches  below  the  level 
■oi  the  rails,  and  upon  the  bottom  of  the  excavation  a  ti-inch  bed 


of  Portland-cement  concrete  is  laid  in.  The  rails  are  laid  on  the 
concrete,  and  a  i-inch  layer  of  gravel  covers  the  concrete,  to 
jeceive  and  give  bedding  for  the  pavement,  which  consists  of 
5-inch  granite  sets.  The  tails  are  tied  to  the  usual  gauge,  4  feet 
.8^  inches,  by  iron  tie-bars,  1}  inches  by  |  inch,  8  feet  apart, 
notched  at  one  end  into  the  web  of  the  rail,  and  set  to  gauge  by 
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means  of  a  screw  formed  on  the  other  end,  with  a  nut  and  a  jamb* 
nut  The  interspaces  between  the  sides  of  the  rails  and  the  paving 
sets  are  packed  with  concrete. 

A  statement  of  quantities  and  costs  for  one  mile  of  single  line 
laid  with  girder  rails,  in  accordance  with  the  design  as  illustrated 
and  described,  is  here  subjoined. 

Type  Girder  Rail  Tramway  :  Quantities  and  Cost  of 

One  Mile,  Single  Line,  1893. 

(Mr.  Kincaid). 

Toot.  cwtt.  qrs.  ^     s.    d.       £       t.     d« 

122     II    2    Steel  girder  rails,  78  lbs.  per  yard    6    o    0—735    9    o 

3  4    3    Wrought-iron  fish-plates,  16J  lbs. 

per  pair 70    o —  22  13    3 

211     Wrought-iron  joint  plates,  10^  lbs. 

each 12    o    o —  24  15    o 

4  10    o    Wrought-iron  tie-bars,   15 J  lbs. 

each 12    0  0 —  54    0  o 

TOO    Bolts,  nuts,  and  washers      •        .  20    o  0 —  20    o  o 

1,662  c.  yds.  Excavation 02  6—207  15  o 

846     „        Portland  cement  concrete    •        •    o  15  o — 634  10  o 

1,760  1.  yds.  Laying  the  way   •        •        •        .01  6 — 132    0  o 

Total  cost  of  way  per  mile,  single  line    ;^  1,831     2    3 


4,376  s.  yds.  Granite   paving   sets,   including 

i-inch  bed  of  gravel,  laying 
and  grouting  per  mile,  single 
line 07    6—1641    o    o 

Total  cost  of  way  and  paving  per  mile, 
single  line £m1^    a    3 

Say;^3,500. 


z  a 


CHAPTER  XXVIIL 

GENERAL  CONCLUSIONS  ON  THE  CONSTRUCTION 

OF  TRAM  WAYS* 

It  needs  but  a  glance  at  the  illustrations  of  practice  in  tramway 
construction,  to  perceive  that  great  advances  have  been  made  in 
design  and  execution.  The  advantages  of  solidity  and  direct- 
ness of  construction  have  been  developed  in  the  experience  of  the 
Liverpool  Corporation  Tramways,  where  the  steel  rail,  longitudinal 
timber  sleeper,  and  concrete  bed,  having  been  thoroughly  united, 
in  conjunction  with  a  perfect  system  of  paving,  have,  during  the 
last  three  or  four  y^ars,  .endured  the  heaviest  cross  traffic  and 
longitudinal  traffic  in  the  world,  at  but  a  nominal  cost  for  repair. 
The  adoption  of  cast-iron  sleepers  for  these  tramways  led  up  to 
one  of  the  most  complete  systems  of  tramway  for  streets  of 
maximum  heavy  traffic. 

The  system  of  Barker  and  the  more  recent  systems  of  Shaw, 
Mackieson,  and  Dugdale,  may  be  classed,  with  the  Deacon  system 
(Liverpool),  as  structural  combinations  of  rails  and  continuous,  or 

nearly  continuous,  cast-iron  longitudinal  sleepers.     But  whilst  in 

■       •       •        •        • 

Barker's  and  Deacon*s  systems  solid  vertical  walls  are  presented  as 
lateral  bearing  surfaces  for  the  paving,  in  the  others  the  sleepers 
are  of  the  nature  of  open  framing,  and  are  packed  flush  with  con> 
Crete  to  provide  lateral  bearing  sur&ce.  With  the  exception  of 
the  Shaw  system,  in  which  the  rail  is  supported  on  pedestals  at 
short  intervals,  they  make  a  floor  for  supporting  the  rails,  which 
affords  a  bearing  that  is  practically  continuous. 

The  girder-rail  and  cross-sleeper  system,  embedded  in  concrete. 
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now  practised  in  Glasgow,  is  an  instance  of  perfected  design,  logi- 
cally developed  by  experience.  In  the  retention  of  the  cross-timber 
sleeper,  with  respect  to  which  the  engineers  of  the  Glasgow  Cor- 
poration Tramways  stand  almost  alone  in  their  practice,  there  is 
no  evil  consequence  whatever,  and  there  are  the  advantages  of 
complete  control  of  gauge,  economy  of  maintenance,  partial 
absorption  of  vibration,  efficient  support  where  underground  sub* 
sidences  may  happen  to  take  place,  and  the  facility  for  shifting 
the  rails  laterally  upon  the  sleepers  without  disturbance  of  the 
substructure,  where  such  adjustment  may  happen  to  be  required. 

The  Kincaid  system,  likewise,  has  been  logically  matured,  and 
it  is  a  satisfactory  development  of  the  type  of  rail  supported  on 
isolated  pedestals.  It  was  improved  by  the  adoption  of  rails  of  a 
better  and  stronger  section,  by  the  extension  of  the  bases  of  the 
chairs  or  sleepers,  so  as  to  form  a  practically  continuous  base,  by 
the  adoption  of  iron  cotter-fastenings,  and  by  the  development  of 
a  sufficient  foundation  of  concrete.  The  supporting  of  the  rails 
at  intervals  only,  provides  for  a  slight  elastic  reaction,  and  the 
consequent  prevention  of  absolute  rigidity,  whilst  the  vertical 
stress  is,  by  the  method  of  construction,  landed  on  and  limited  to 
the  centre  of  the  pedestal-sleeper, — a  concentration  which  is 
conducive  to  stability,  and  is  desirable  in  a  system  in  which 
transverse  cotter-fastenings  are  adopted. 

The  principle  of  a  system  of  rails  supported  by  comparatively 
isolated  chairs  of  cast-iron,  is  embodied  in  the  systems  of  Wilson, 
Vignoles,  and  Aldred-Spielmann. 

In  the  Wilson  system,  laid  on  the  Southampton  Street  Tram- 
ways, a  rail  of  considerable  section  is  carried  in  cast-iron  chairs  of 
large  base,  at  wide  intervals,  without  any  approach  to  continuity. 
The  rail  is  unusually  heavy,  of  its  kind — 55  lbs.  per  yard; — and 
it  has  an  unusually  long  bearing  in  the  chairs :  conditions  en- 
suring a  great  degree  of  strength,  and  contrasting  in  this  respect 
favourably  with  those  of  the  Kincaid  way  at  Bristol,  in  which  the 
chairs,  at  the  same  distance  apart,  and  of  great  length  of  base, 
only  give  a  3i-inch  bearing  to  the  rail,  which  weighs  just  50  lbs. 
to  the  yard. 
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The  Vignoles  rail  is  carried  in  chairs  at  30-inch  centres,  and  is 
correspondingly  light— 42^  lbs.  per  yard, — lighter  than  any  other 
suspended  rail  But  the  most  has  been  made  of  the  metal,  by 
rolling  the  rail  to  a  depth  of  5  inches,  though  the  central  web  is 
but  f  inch  in  thickness.  The  rail  is  open  to  the  objection  of 
having  only  a  one-sided  support,  on  a  half-chair,  as  it  may  be 
called,  to  which,  necessarily,  it  is  bolted  laterally :  the  rail  de- 
pending upon  the  bolts  and  nuts  to  be  kept  in  position.  This 
dependence  is  rendered  inevitable  by  the  inclination  of  the  bearing 
surface  of  the  rail  upon  the  top  of  the  chair.  Had  the  inclination 
been  reverse,  the  stability  of  the  structure  would  have  been 
greater.  The  employment  of  transverse  timber  sleepers  is  a  good 
feature  in  the  design  of  this  system. 

The  Aldred-Spielmann  rail,  laid  in  cast-iron  chairs  on  cross 
sleepers,  is  interesting  as  a  reversible  rail,  and  as  a  rail  which 
fishes  itself,  by  the  break-joint  method  of  laying  the  two  halves 
of  the  rail.  Since  the  bearing  rail  is,  in  a  manner,  wedged 
upon  the  guard-rail,  constant  contact  and  tightness,  as  well 
as  mutual  support,  are  ensured.  As  the  way  is  laid  on  and 
spiked  to  transverse  timber  sleepers  in  concrete,  it  is  both  a  secure 
and  an  easy  rail ;  and  it  has  done  good  service  in  the  London 
Tramwa3rs  and  other  lines. 

Page's  system  of  semi-continuous  bearings  of  rails  and  wrought- 
iron  standards  may  be  classed  with  the  Kincaid  and  Cockbum- 
Muir  systems.  It  is  open  to  the  objection  that  the  width  of  the 
bearing  for  the  rail  upon  the  sleeper  is  very  narrow,  and  that  the 
rail  considerably  overhangs  its  own  base,  at  both  sides.  In  the 
other  systems,  the  rail  takes  a  bearing  for  its  whole  breadth  on  the 
sleeper  or  chair.  In  Meakins'  system,  as  laid  by  Mr.  Dixon,  the 
rail  is  also  supported  on  a  bearing  which  is  narrower  than  its  own 
width.  But  the  objection  of  overhang,  in  this  system,  is  obviated 
by  the  secure  method  of  uniting  the  rail  with  the  angle-iron 
brackets,  by  riveting. 

Ways  constructed  on  the  principle  of  the  girder-rail  are  amply 
represented  by  the  systems  of  Gowans,  Macrae,  Johnstones  & 
Rankine,  Winby  &  Levick,  and  Kerr.     To  Mr.  Gowans  is  due 
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the  merit  of  hairing  first  promoted  and  introduced  the  girder-rail, 
which  Mr.  Macrae  was  the  first  to  lay  down.  The  rail,  as  devised 
by  Mr.  Gowans,  was  peculiarly  formed, — with  a  flange-base  wider 
on  one  side  of  the  web  than  on  the  other ;  and  with  perforations 
in  the  rail.  These  refinements  have  not,  generally,  been  much 
appreciated.  Mr.  Macrae  abandoned  them,  though  he  appre- 
hended the  advantages  of  the  girder  form ;  and  he  adopted  an 
ordinary  solid  rail,  corresponding  to  the  old  railway  rail  of  Vig- 
noles.  So  also  have  the  other  engineers  just  named.  Difficulties 
naturally  arose  in  the  perfecting  of  the  methods  of  rolling  rails — 
particularly  steel  rails — ^with  a  groove,  and  with  so  wide  a  base ; 
though  a  wide  base  was  only  needful  where  the  rail  was  to  be 
embedded  in  concrete  and  was  to  rely  on  its  hold  upon  this  alone 
for  stability.  It  was  preferable,  as  a  matter  of  manufacture,  that  a 
base-flange  of  limited  width  should  be  rolled ;  and  a  limited  flange 
was  adopted  by  Messrs.  Johnstones  &  Rankine,  who  really  did 
not  require  a  wide  base,  since  they  possessed  a  solid  foundation 
in  the  transverse  sleepers  which  they  employ,  to  which  the  rails 
could  be  securely  spiked.  Messrs.  Winby  &  Levick  and  Mr, 
Kerr  devised  other  means  of  utilising  the  limited  base-flange,  by 
bolting  and  clipping  the  girder  rail  to  wider  base-plates  or  sleepers, 
and  so  providing  ample  bearing  surface  in  combination  with  the 
limited  flange-base. 

In  the  later  developments  of  the  solid  girder-rail,  conveniently 
rolled  sections  have  been  introduced.  Messrs.  Johnstones  & 
Rankine's  system  obviously  combines  the  advantage  of  a  well- 
constructed  foundation  and  a  secure  hold  for  the  rails,  with 
perfect  freedom  for  detachment  or  uplifting  when  removal  is 
required ;  whilst  Mr.  Kerr  anchors  his  rails  and  sleepers  together 
in  the  concrete — inseparable  without  breaking  up  the  foundation ; 
and  Messrs.  Winby  &  Levick,  on  the  contrary,  content  them- 
selves, like  Mr.  Barker,  with  depositing  the  metal  structure  on 
the  floor  of  the  excavated  space,  reserving  the  freedom  for  readily 
detaching  and  removing  the  rails. 

With  regard  to  the  sections  of  rails  for  what  may  be  called  the 
composite  ways,  in  which  rails  are  laid  on  metal  sleepers  or 
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chairs,  they  have  evidendy  drifted  towards  the  T  section — a 
grooved  head  with  a  central  web— initiated  by  Mr.  Cockbuni* 
Muir.  Its  advantages  are  manifest  In  it  are  combined  lightness, 
strength,  stiffness,  and  compactness ;  and  facility  for  fish-jointing 
when  required,  though  it  must  be  acknowledged  that  the  joint 
made  by  Mr.  Cockbum-Muir,  by  means  of  a  long  wedge  in  his 
block-sleeper,  has  never  been  surpassed.  Fastenings  by  means  of 
wedges  or  bolts  are  generally  preferable  to  cotter  fastenings. 

As  to  the  material  for  tram*rails,  the  results  of  the  respective 
wears  of  steel  rails  and  iron  rails  in  Glasgow,  reported  by  Messrs. 
Johnstones  &  Rankine,  appear  to  show  that  the  iron  rails  were  as 
durable  as  the  steel  rails ;  whilst  it  is  also  apparent,  from  the 
results  of  Mr.  Cockburn-Muir's  tests  for  deflection,  that  iron 
rails  were,  within  their  elastic  limits,  practically  as  stiff  as  steel 
rails. 

The  imperative  necessity  for  maintaining  the  pavement  coinci- 
dently  with  the  way,  not  only  for  the  special  business  of  the  tram- 
way, but  also  for  the  other  business  of  the  street,  has  led  to  the 
general  adoption  of  means  for  efficiently  supporting  the  pavement, 
particularly  the  parts  adjacent  to  such  as  lies  next  the  rails ;  and, 
in  addition,  at  Liverpool,  the  exact  dressing  of  the  paving-stones, 
next  the  rails,  in  order  to  provide  the  maximum  area  of  bearing 
surface  and  so  to  minimise  the  wear,  and  the  consequent  tendency 
to  form  objectionable  ridges  next  the  rails.  The  reports  of  the 
London  General  Omnibus  Company  afford  evidence  of  the  incon- 
venience of  unequal  and  local  wear  of  way  and  paving.  ''  The 
deplorable  state  of  the  main  thoroughfares  in  the  eastern,  southern, 
and  northern  parts  of  the  Metropolis,''  it  was  reported  in  1878,  "was 
destructive  of  the  wheels,  springs,  and  under  carriages  of  ordinary 
vehicles.  The  cost  for  wheels  alone  for  the  Company's  omnibuses 
increased  from  ;^9  los.  per  omnibus  per  year  to  £,\^  per  omnibus 
per  year  since  the  introduction  of  tramways.  Valuable  horses  have 
constantly  been  injured  by  straining  and  slipping  on  the  rails.'* 

It  is  apparent  that  a  first-rate  rolling  surface  is  of  the  essence  of 
a  tramway — a  street  railway ; — and  it  is  not  well  to  study  too 
closely  the  mere  element  of  first  cost,  in  the  amount  of  which,  for 
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efficient  systems  of  tramway,  the  variation  is  not  of  very  considerable 
importance.  The  practical  value  of  a  good  rolhng-surface,  on  the 
contrary,  can  scarcely  be  over-estimated ;  for  the  running  and  car 
expenses  are  influenced  to  a  very  great  extent  by  the  condition  of 
the  surface,  and  they  constitute  nearly  two-thirds  of  the  total 
working  expenses. 

With  a  perfect  rolling  surface,  an  even  and  durable  pavement 
must  be  associated,  in  order  that  uniform  levels  may  be  preserved, 
not  necessarily  for  the  special  business  of  the  tramway  only,  but 
also  for  the  other  business  of  the  street.  A  completely  constructed 
tramway  must,  therefore,  combine  a  perfect  unyielding  rolling  sur- 
face with  a  firm  and  durable  pavement  A  perfect  rolling  surface 
it  was  impossible  to  fulfil  so  long  as  the  rails  were  fastened  by 
vertical  spikes  or  bolts  passed  through  the  groove  in  the  rail.  But 
when  the  side-fastenings  of  Mr.  Larsen,  improved  by  Mr.  Hopkins, 
were  introduced,  by  which  the  rail  was  lapped  upon  the  longi- 
tudinal sleeper,  and  was  tied  down  by  lateral  staples  at  each  side, 
entirely  out  of  the  reach  of  derangement  by  the  strokes  of  the 
traffic,  the  problem  was  greatly  simplified.  The  stiffness  of  the 
rail,  vertically  as  well  as  laterally,  was  greatly  augmented  by  the 
adoption  of  the  side-fastenings.  These,  whilst  they  were  placed 
beyond  the  reach  of  blows  at  the  surface,  were  enabled,  in  virtue 
of  their  lateral  disposition,  to  resist  \vith  powerful  leverage  the 
force  of  oblique  lateral  strokes — a  function  in  respect  of  which  a 
central  spike  or  bolt  was  dearly  inferior  to  the  side-staple.  Vertical 
movement  under  the  traffic  was  prevented,  and  the  destructive 
action  of  blows  from  the  surface  was  checked  in  the  initiatory 
stage.  The  staple-fastening  was  so  simple,  and,  after  its  intro- 
duction, so  obvious,  that  one  may  wonder  at  the  primitive  combi- 
nation of  a  flat-grooved  bar,  of  minimum  strength,  with  a  vertical 
spike,  which  was  used  for  several  years.  Let  us  wonder,  and  pass 
on.  But  before  passing  on,  let  us  note  that  Mr.  Livesey  and 
Mr.  Cockbum-Muir  had  from  an  early  period  perfectly  well  appre- 
ciated the  mechanical  necessity  for  applying  the  fastenings  of  the 
rail  apart  from  the  rolling  surface,  and  had  accordingly  applied 
wedge-fastenings  at  the  sides  of  the  rail.   Their  system,  as  systems 
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of  iron  way,  were  long  in  advance  of  their  time  in  the  home 
countries ;  and  though  these  systems  have  not  entered  into  the 
domain  of  English  practice,  they  were  long  since  in  general  prac- 
tice abroad. 

The  function  of  the  substructure  is  to  support  the  rails,  and  also 
to  keep  them  in  gauge,  whilst  the  foundation  is  laid  to  provide  a 
firm  and  uniform  base  for  the  rails  and  the  paving  conjointly, 
maintaining  both  of  them  to  one  level.  In  some  systems  of  tram- 
way, the  substructure  is  to  some  extent  identified  with,  and  forms 
part  of,  the  foundation.  The  foundation,  in  nearly  all  systems, 
consists  wholly  or  mainly  of  concrete — an  artificial  stone  or  com- 
pound of  considerable  cohesive  force,  admirably  adapted,  when 
properly  made,  for  supporting  dead  weights  on  the  ground,  and 
distributing  superincumbent  pressure.  With  a  broad  base  of  con- 
crete the  maintenance  of  the  rails  and  the  pavement  at  a  uniform 
level  may  be  effectually  performed.  A  wide  solid  base  is  indis- 
pensable for  the  purpose,  and  if  not  already  provided  by  nature  or 
by  previous  use,  it  must  be  supplied  by  art 

The  substructure  should  afford  a  continuous  support  to  the 
nul,  for  the  construction  of  a  continuous  bearing  is  simpler  and 
better  than  the  construction  required  for  intermittent  bearings; 
and,  before  all,  the  continuity  of  support  contributes  to  the  per- 
fection and  permanence  of  the  rolling  surface,  not  alone  by 
insuring  longitudinal  and  lateral  stiffness,  but  also  by  preventing 
the  twisting  or  torsion  of  the  rail  which  would  be  caused  by  the 
eccentric  pressure  of  the  wheel  on  a  suspended  rail  Take  the 
centre-line  of  the  2 -inch  rolliug-surfiace  of  a  rail  4  inches  wide,  as 
the  line  of  insistent  vertical  pressure;  it  lies  only  one  inch  from  the 
outer  edge  of  the  rail,  and  it  is  one  inch  off  the  central  line  of 
support  Obviously,  therefore,  the  rail  which  is  supported  by 
intermittent  bearings,  is  exposed  to  twisting  stress  between  the 
bearings,  tending  to  cant  it  sidewise ;  and  it  is  required  to  be 
stiffened  enough  to  resist  such  torsional  stress.  Besides,  the 
same  stress  ultimately  reaches  and  strams  the  fastenings. 

An  extensive  area  of  bearing-surface  between  the  rails,  the  sub- 
structure, and  the  foundation  is  not  indispensable.    It  has  been 
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demonstrated  by  experience  that  the  continuous  bearing  of  two 
longitudinal  sleepers,  4  inches  wide,  on  sound  concrete,  is  suffi- 
cient for  sustainmg  the  heaviest  traffic  of  the  streets,  and  main- 
taining the  level  of  the  rails.  Two  widths  of  4  inches  each,  or 
8  inches  together,  provide  two  square  feet  of  bearing  surface  per 
lineal  yard  of  way.  This  datum  has  been  arrived  at,  rather  than 
deduced,  from  practical  results,  simply  because  the  first  English 
rails  for  tramways  were  4  inches  in  width,  and  the  longitudinal 
sleepers  upon  which  they  were  placed  were  made  of  the  same 
width,  in  order  that  the  granite  pavement  might  be  set  close  up  to 
the  rail  at  both  sides.  A  less  proportion  of  bearing  surface, 
fairly  placed,  would  suffice.  In  fact,  Mr.  Deacon's  rail  and  longi- 
tudinal sleeper  are  only  3^  inches  in  width — a  width  which  affords 
an  area  of  bearing  surface  of  not  more  than  i  i  square  foot  per 
lineal  yard  for  two  sleepers.  Mr.  Kincaid*s  intermittent  supports 
on  concrete  present  an  area  of  2^^  square  feet  of  bearing  per  lineal 
yard.  It  might  be  difficult  to  prescribe  the  safe  limit  of  area  of 
bearing  on  concrete,  for  Portland-cement  concrete,  twelve  naonths 
old,  has  been  proved  by  Mr.  Grant  to  be  capable,  before  being 
crushed,  of  resisting  loads  of  from  91  tons  to  170  tons  per  square 
foot,  according  to  the  strength  of  the  composition. 

The  mere  extent  of  the  area  of  bearing-surface  on  a  foundation 
of  concrete,  therefore,  is  practically  of  no  moment,  and  does  not 
in  itself  aflfect,  one  way  or  another,  the  character  of  the  way  for 
durability  or  efficiency — supposing,  be  it  remembered,  that  the 
concrete  is  faithfully  made  and  laid ;  and  no  other  supposition,  it 
has  been  proved  by  experience,  should  ever  be  entertained. 

It  is  scarcely  necessary  to  add  that  longitudinal  sleepers  of 
timber,  in  good  condition,  are  quite  capable,  without  suffering 
undue  compression,  of  permanently  supporting  rails  of  a  width  of 
3  or  4  inches,  having  a  continuous  bearing  on  the  sleepers. 

But  the  rails  must  dso  be  maintained  to  gauge  by  the  strbstruc- 
ture.  In  other  words,  the  rails  must  be  prevented  from  spreading 
apart,  and  so  widening  the  gauge  or  distance  between  them.  The 
maintenance  of  gauge  is  indispensablei  for,  if  the  gauge  be 
strained,  the  flanges  of  car-wheels,  which  are  devised  so  as  to 
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run  near  the  inner  sides  of  the  grooves,  when  fairly  placed,  bind 
against  the  ledges  which  form  the  inner  slopes  of  the  grooves. 
The  effect  of  such  a  spreading  is  greatly  to  augment  the  factional 
resistance  of  the  cars,  and,  if  continued  far  enough,  to  grind  away 
the  flanges  and  reduce  their  thickness,  to  increase  the  difficulty  of 
passing  the  points  and  crossings,  and,  finally,  to  lead  to  the  derail* 
ment  of  the  cars.  Fortunately,  the  derailment  of  a  tramcar, 
though  it  may  prove  of  great  inconvenience,  is  a  trivial  matter 
compared  with  the  derailment  of  a  railway  train ;  but  the  other 
evils  of  a  spread  of  gauge  are  of  much  greater  magnitude  on  a 
tramway  than  their  analogues  on  a  railway.  It  need  scarcely  be 
added  that  when  railway-carriages,  wagons,  or  locomotives  are 
passed  over  tramways,  the  means  of  maintaining  the  gauge  must 
be  positive  and  precise.  The  pavement  by  which  the  rails  are 
enclosed  affords,  no  doubt,  material  assistance  in  keeping  them  to 
gauge ;  but  it  can  be  accepted  only  as  an  auxiliary. 

The  method  of  binding  the  rails  to  gauge  by  transverse  sleepers, 
to  which  longitudinal  sleepers  are  fixed,  by  the  medium  of  solid 
chairs  or  of  brackets,  or  by  notching  together,  is  positive.  So, 
also,  is  the  method  of  tie-bars  connecting  the  sleepers  which  cany 
the  rails.  When  longitudinal  sleepers  are  bedded  in  concrete  for 
a  portion  of  their  height,  the  concrete  forms  a  connection  which 
may  be  said  to  be  positive;  but  in  practice  it  is  treated  only 
as  auxiliary  to  other  connections.  Mr.  Kincaid*s  chairs  were 
solidly  embedded  in  blocks  of  concrete,  which  were  constructed 
in  holes  formed  in  the  ground.  Nevertheless,  in  macadamised 
roads,  where  no  paving  was  provided,  Mr.  Kincaid  applied  a 
cross  tie-rod  to  each  pair  of  joint-chairs ;  and  in  Sheffield  a  solid 
bed  of  concrete  was  laid  for  the  whole  width,  in  substitution  for 
the  isolated  blocks. 

Transverse  sleepers  of  wood  give  great  satisfaction.  Transverse 
sleepers  of  wrought  iron,  like  Vauteren's,  used  on  Continental 
railways,  might  do  well ;  but  the  wood  sleeper  is  the  better,  for  it 
possesses  bulk  and  surface,  to  make  and  keep  a  place  for  itself, 
and  to  adhere  by  friction  to  the  surrounding  concrete. 

That  a  tramway  should  be  cushioned  on  an  elastic  substance — 
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wood — is  a  doctrine  which  has  been  maintained  with  some  degree 
of  persistency.  That  it  should  be  grounded  on  a  hard  substruc- 
ture— cast  iron — is  a  doctrine  maintained  by  others.  The  question 
of  the  elasticity  of  the  material  of  the  substructure — elasticity  in 
the  conventional  sense — is  a  matter  of  perfect  indifference.  Wood 
is  elastic,  so  also  is  cast  iron.  The  action  is  rolling,  not  percus- 
sive ;  the  speed  is  low,  not  high ;  and  the  cars,  as  well  as  the 
engines  of  the  future,  are,  and  will  be,  placed  on  springs  having  a 
wide  elastic  range.  The  pavement  of  streets— granite  stones 
bedded  on  sand — is  not,  conventionally,  elastic ;  yet  it  answers 
well  for  the  passage  of  loads  at  the  customary  speed  of  street 
traffic.  Elastic  pavements  have  been  tried,  and  they  have  failed. 
The  truth  is  that  the  depth  of  structure  necessary  for  the  formation 
of  a  tramway  is  sufficient  for  inducing  as  much  elasticity — percep- 
tible to  the  touch,  if  not  to  the  eye — as  is  needful  to  prevent  a 
sound  structure  from  shaking  itself  loose. 

The  form  of  section  of  the  groove  in  the  rail  is  a  subject 
deserving  of  careful  consideration.  In  many  of  the  examples  of 
rails  which  have  been  illustrated,  it  may  be  noted  that  the  sides  of 
the  groove  are  formed  with  a  greater  degree  of  splay  inwards  than 
outwards, /n?»^  the  wheel  than  under  the  wheel.  The  motive  for 
the  greater  splay  has  been,  in  some  instances,  to  economise  metal; 
but  the  economy  thus  effected  is  simply  insignificant  By  other 
designers  a  low  slope  has  been  adopted,  with  a  view  to  the  more 
facile  extrusion  of  dried  mud  and  other  detritus  from  the  groove 
by  the  wedging  action  of  the  passing  wheel-fianges,  than  is  likely 
to  take  place  when  the  sides .  are  vertical.  There  is  incurred  a 
much  greater  resistance  to  traction  when  the  groove  is  occupied 
by  hard  deposit  than  when  it  is  clear ;  since  it  is  inevitable  that 
the  mud  and  small  stones  or  gravel,  which  find  a  lodgment 
in  the  groove,  must  be  either  expelled  or  trodden  upon  by  the 
flanges  of  the  wheels.  It  is  a  matter  of  common  observation  that 
the  resistance  is  much  increased  under  such  conditions,  and  the 
principal  reason  is  not  far  to  seek :  the  wheels  run  at  the  same 
time  upon  two  circumferences  of  different  radii — those  of  the 
tread  and  the  flange.     Now,  a  square  groove,  by  its  form,  resists 
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the  expulsion  of  detritus ;  and  it  may  happen,  and  does  frequently 
happen,  that  the  resistance  of  the  car  over  choked-up  grooves  is 
so  much  increased,  that  it  amounts  to  as  much  as  that  of  wheels 
rnnnmg  on  common  roads.  In  the  sections  of  the  American 
grooved-rails,  and  particularly  Mr.  Light's  section,  it  is  obvious 
that  the  advantage  of  a  widely  sloping  berme  was  appreciated 
by  the  designers  of  those  sections.  The  motive  of  the  extremely 
contracted  grooves  which  have  been  practised — some  of  them 
not  exceeding  an  inch  in  width — and  which,  when  clear,  pro- 
vided little  more  than  clearance  for  wheel-flanges,  is  the  fear  of 
the  entanglement  of  the  narrow-tyred  wheels  of  cabs  and  carriages 
in  the  grooves.  But  it  is  known  that  the  derangement  of  common 
road  vehicles  is  almost  wholly  caused  by  the  girding  of  their 
wheels  against  the  outer  sides  of  the  rails,  when  the  surface 
of  the  pavement  is  permitted  to  sink  below  the  proper  level — a 
cause  of  disorder  with  which  the  groove  is  not  concerned. 

It  is  further  to  be  noted  that,  by  the  occasional  grounding  of 
the  wheel-flanges  over  the  bottom  of  the  groove,  by  the  interven- 
tion of  mud,  dust,  or  stones,  the  metal  at  that,  the  weakest  point, 
is  heavily  stressed.  The  flanges  may  also  ground  directly  on  the 
bottom,  where  the  tread  of  the  rail  is  reduced  in  height  by  wear, 
when  a  like  effect  may  be  produced.  It  is  found  that  old  thin 
rails  subject  to  such  action  are  spread  laterally,  and  are  occasion- 
ally split  through  the  bottom  of  the  groove. 

The  form  of  the  groove,  then,  is  a  point  of  importance,  and  the 
best  form  is  that  in  which  the  side  next  the  rolling  sur&ce  is 
vertical,  and  the  whole  of  the  slope  is  given  to  the  inner  side. 

The  pavement  should  be  specifically  adapted  to  the  tramway, 
and  the  chief  concern  is  to  construct  it  so  that  it  shall  maintain 
its  level,  and  remain  flush  with  the  rails.  A  great  deal  of  pre- 
caution has  been  taken  for  preventing  the  rails  from  sinking; 
whilst  the  pavement  has  been  laid  without  sufficient  permanent 
support  A  pavement  that  may  suffice  for  a  street  untranmielled 
by  rails,  laid  on  loose  sand,  gravel,  or  ashes,  is  not  sufficient  to 
match  a  pair  of  rigidly  supported  rails,  carried  on  an  unyielding 
foundation.    There  is  nothing  better  to  be  done,  for  matching  the 
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ordinary  wall-sided  rail^  than  to  bring  up  a  solid  unyielding  foun- 
dation for  the  paving,  identical  with  the  foundation  for  the  rails. 
This  necessary  object  is  fulfilled  by  the  concreting  of  the  subspace 
up  to  the  level  of  the  under  side  of  the  paving  stones,  as  a  bottom 
upon  which  they  may,  with  the  aid  of  a  thin  layer  of  sand,  stand 
to  the  level.  Finally,  as  a  security  that  neither  will  water  pene- 
trate, nor  sand  nor  mud  work  up,  the  paving  sets  should  be  grouted 
with  an  adhesive,  elastic,  bituminous  mixture. 

Adopting  the  conclusions  just  announced  as  standards  for 
estimating  the  merits  of  different  systems  of  tramway,  it  would 
appear  that,  upon  the  whole,  the  recently-made  tramways  of 
Glasgow  afford  the  best  example  of  tramway  having  a  timber 
substructure  hitherto  actually  constructed  in  its  entirety. 

Of  the  tramways  having  substructures  of  iron  the  system  of  Mr. 
Kincaid  is  the  only  one  of  which  successful  experience  has  been 
acquired  in  England.  The  isolated  chairs  or  stools  at  3-feet 
centres  are  each  levelled  and  set  independently.  In  this  respect, 
Mr.  Livesey's  system  of  coupled  stools — two  stools  on  one  longi- 
tudinal sleeper — is  better ;  for  they  make  a  structural  connection, 
and  they  can  be  levelled  and  set  with  facility.  They  are,  in 
addition,  efficiently  tied  transversely  by  two  tie-bars,  and  thus  the 
stools  and  sleepers  are  framed  together  both  longitudinally  and 
transversely,  and  assist  each  other  in  a  manner  which  is  not 
available  on  Mr.  Kincaid's  system  of  independent  chairs.  These 
are  not  connected  together  either  longitudinally  or  transversely, 
and  depend  for  their  stability  each  on  the  fixity  of  its  own  portion 
of  concrete. 

The  length  of  the  bearings  of  the  rail  on  the  intermediate 
sleepers  of  Mr.  Kincaid  and  of  Mr.  Livesey  is  3^  inches ;  whilst 
that  of  Mr.  Cockbum-Muir  is  11^  inches.  It  is  clear  enough  that 
the  long  bearing  on  the  sleeper  of  the  last-named  engineer  must 
beneficially  stiffen  the  rail,  and  he  has  taken  advantage  of  such 
aid  in  adopting  a  longer  distance  apart  for  the  sleepers,  and 
employing  a  rail  of  less  weight  than  those  of  the  other  engineers. 
The  three  systems  may  be  thus  brought  into  comparison : — 
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iUOs. 

Weigbtper 
yanL 

Centres  of 

sieepen* 

Spaa 
besriacs- 

Mr.  Kincaid      •        •    iron 
Mr.  Livesey      .        .  steel 
Mr.  Cockbum-Muir .    iron 

Ibt. 

43 
40 

30 

Feet.    Incbet.         Inches. 

3          0                 32* 
30               3oJ 

3        6        1     3ot 

Now,  it  is  to  be  premised  that  a  rail  may  be  strong  enough, 
as  a  beam,  to  support  any  load  that  may  be  placed  upon  it, 
whilst  it  may  not  be  stiff  enough :  for,  resistance  to  deflection 
must  be  the  ruling  consideration  in  the  design  of  a  tramway. 
Deflection  should  be  reduced  to  a  minimum,  since  vertical  stiffness 
is  the  first  condition  for  insuring  a  minimum  tractional  resistance. 
It  is  obvious,  too,  that  vertical  stiffness  is  an  essential  condition 
for  insuring  the  stability  of  the  fastenings  and  of  the  paving. 

The  stiffness  of  a  rail  is  inversely  as  the  cube  of  the  length,  and 
Mr.  Cockbum-Muir's  rail,  if  it  had  had  the  same  section  as  Mr. 
Kincaid's,  would  have  been  stiffer  in  the  ratio  of  32*5'  to  30-5',  or 
of  3433  to  2837,  or  nearly  5  to  4.  That  a  difference  of  2  inches 
in  the  span  should  cause  a  difference  of  a  fourth  or  a  fifth  in  the 
stiffness  of  a  rail  supported  on  bearings  at  intervals,  is  a  note- 
worthy fact,  and  it  points  to  the  advantage  of  compactness  of  span 
for  intermittent  bearings,  and  of  the  reduction  of  the  overhang  of 
the  rail  by  giving  to  it  a  considerable  length  of  bearing  surface 
upon  the  chair  or  stool.  These  advantages  may  be  exemplified 
by  supposing  Mr.  Cockbum-Muir's  block-sleepers  to  be  placed 
apart  at  3-feet  centres,  the  same  distance  apart  as  Mr.  Kincaid's 
sleepers.  The  spans  between  the  bearings  and  the  relative  stiff- 
nesses of  the  rails — inversely  as  the  cubes  of  the  spans — supposing 
that  the  same  rail  is  laid  in  both  cases,  would  be  as  follows  : — 


Centres  of 

Spans  between 

Relative 

sleepers. 

bearings. 

stiffness. 

Short  bearing    • 

.    3  feet 

32^  inches,  as 

I 

Long  bearing    • 

.    3  feet 

24^  inches,  as 

2i 

Showing  that  if  Mr.   Kincaid's  rail  were  laid  on   chairs  with 
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ii^-inch  bearing  surfaces,  it  would  possess  2\  times  the  stiffness ; 
or,  otherwise,  the  deflection  of  the  rail  between  the  longer  bearings 
would  be  less  than  half  of  what  it  amounts  to  between  the  actual 
bearings,  of  shorter  length.  The  form  of  Mr.  Kincaid's  chairs,  it 
may  be  observed,  lends  itself  readily  to  the  extension  of  the 
bearing  surface ;  and  even  if  the  3^inch  bearing  surface  of  the 
intermediate  chairs  were  only  doubled  in  length,  making  a  7-inch 
bearing,  uniform  with  the  bearing  at  the  joint-chairs,  the  stiffness 
would  be  increased  by  nearly  one-half. 

It  is  logically  deducible  by  the  same  line  of  argument,  that  with 
a  continuous  bearing  under  the  rail,  the  stiffness  is  indefinitely 
greater  than  it  can  be  upon  bearings  at  intervals.  But  it  is  not  to 
be  concluded  that  the  rail  on  a  continuous  bearing  may  be  made 
indefinitely  light  in  scantling.  The  rail  must  be  of  sufficient 
scantling  to  enable  it  to  resist  the  wire-drawing  and  out-rolling 
action  of  moving  loads  concentrated  under  the  wheels ;  to  check 
the  effects  of  occasional  weakness  of  substructure ;  to  bridge  over 
the  inevitable  junctions  of  the  substructure,  even  when  it  is 
nominally  continuous,  and  to  resist,  also,  accidental  derange- 
ments of  the  way,  and  the  numberless  varieties  of  irregular  stress 
to  which  tram-rails  are  subject 

These  conditions  are  fulfilled  by  the  solid  girder-rail,  now 
universally  employed.  In  this  rail  the  functions  of  the  top,  the 
middle,  and  the  bottom  are  united  in  one  piece, — combinmg 
simplicity,  strength,  stiffness,  solidity,  and  durability*  Thus  it 
appears  that,  constructionally,  tramways  advanced  in  a  circle. 
They  began  with  one  piece,  and  they  have  ended  in  one  piece. 


A  A 


PART  IV. 
TRAMWAY  CARS. 


CHAPTER   I. 

HISTORICAL  NOTICE  OF  TRAMWAY  CARS. 

The  earliest  cars  specially  designed  for  the  modem  tramway 
were  coDStnicted,  ia  1831,  for  the  New  York  and  Haailem 
Street  Railway,  of  which  the  first  section,  in  the  city  of  New 
York,  was  opened  in  1831.    These  cars,  illustrated  in  Fig.  339, 


Fic.  it%    OrigiDal  Tramcar,  inanuiaclurcd  in  1831,  bjr  Mr.  John 

St«pliciuon,  NeT  Yoilc. 

were  constructed  with  bodies  like  those  of  the  road  coaches 
of  the  time.  The  car  had  three  compartments,  each  of  which 
had  side  doors.  The  body  was  supported  on  leather  springs. 
The  driver  was  seated  on  a  dickey,  or  elevated  seat,  at  the 
front ;  the  brake,  which  acted  on  one  pair  of  wheels  only,  was 
moved  by  the  driver's  foot.     The  wheels,  brakes,  drawheads,  &c. 
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i¥ere  combined  in  a '' carriage-part,"  a  structure  independent  of 
the  body,  which  rested  on  the  four  axle-boxes  of  the  carriage-part 
On  this  principle  of  arrangement,  tramway  cars  were  for  several 
years  constructed,  until  it  was  found  by  experience  that  the  por- 
tions of  the  carriage-part  not  carried  by  the  springs,  soon  b^camie 
worn  and  disordered,  and  required  to  be  early  renewed.    One  of 
the  first  alterations  in  design  *  consisted  of  the  substitution  of 
laminated  steel  springs  for  the  leather  springs;  the  ends  of  the 
springs  were  confined  in  pockets  on  the  under  side  of  the  body, 
whilst  the  springs  were  secured,  by  the  middle,  to  the  axl^-box. 
Then  the  carriage-part  was  dispensed  with.    Pedestals  in  jaw-^ 
plates,  known  as  axle-guards  in  England,  were  not  used.    Though 
this  form  of  running  gear  was  practised  for  several  years,  it  was 
unsatisfactory,  because  the  adjustment  of  wheels  and  axles  was 
not  positive.     Single  jaw-plates  were  then  applied  to  take  the 
axle-boxes  and  keep  the  axles  square. 

About  the  year  1856,  volute  steel  springs  were  substituted  for 
laminated  side-springs,  and  were  succeeded  by  <' spiral,'-  or,, 
properly,  helical  steel  springs.  In  every  case,  a  single  steel  spring 
rested  on  the  top  of  the  axle-box.  But,  in  1858,  a  pair  of  helicaF 
springs  were  provided  for  each  bearing ;  a  yoke  was  placed  bt 
the  axl^-box,  astride,  and  sustained  a  spring  at  each  side  of  the 
box.  About  the  same  time,  a  method  of  preparing  india-rubber 
was  discovered,  by  which  it  preserved  its  elasticity  independently 
of  heat  and  cold,  whilst  its  power  of  sustaining  loads  was  greatly 
increased.  The  combination  of  cheapness,  durability,  and  smooth- 
ness of  action,  led  to  the  abandonment  of  steel  bearing  springs  for 
those  of  india-rubber.  But,  since  the  expiration  of  the  patent  for 
the  method  of  preparation,  the  manufacture  of  the  india-rubber 
springs  was  thrown  open  to  the  public,  inferior  goods  were  plated 
in  the  market,  the  good  name  acquired  for  india-rubber  springs  was 
damaged,  and,  as  a  consequence,  helical  and  other  springs  can^e 
again  into  demand,  .*      .  > 

The  wheels  made  for  the  original  American  car.  Fig.  229,  were 
of  cast  iron,  with  flat  spokes,  as  shown.  The  "  hub,"  or  nave, 
was  parted  radially  into  three  sections,  to  provide  for  the  shrinking 
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of  the  metal  as  it  cooled.  But  the  wheel  was  not  strong,  and 
solid  wood  wheels  with  iron  tyres  were  substituted.  These  were 
heavy  and  expensive,  and  they  were  liable  to  fail  by  the  loosening 
of  the  tyre.  About  1834,  the  cast-iron  plate-wheel,  or  disc-wheel, 
was  introduced;  it  is  regarded  in  America  as  the  best  type  of 
wheel  for  all  kinds  of  service. 

It  was  for  many  years  supposed  that  a  tramcar  would  not  stay 
on  the  track  if  the  depth  of  the  flanges  of  the  wheels  were  less 
than  I  \  inches ;  and,  although  a  slight  reduction  was  made  on 
the  depth,  it  was  not  until  the  year  1857  that  it  was  discovered 
that  a  depth  of  half  an  inch  was  sufficient  for  the  purpose.  The 
half-inch  flange  is  now  universally  employed  on  tramways. 

The  brakes,  until  1858,  consisted  of  clogs  or  shoes  applied  to 
the  treads  of  the  wheels ;  but  when  the  flat  tram-rail,  or  step-rail, 
came  into  use,  it  was  found  that,  as  good  car-wheels  wear  off 
^  inch  of  the  thickness  at  the  circumference  before  being  ''used 
up/'  the  flange  became  half  an  inch  deeper,  and  was  made  to 
^*  touch  bottom,"  when,  usually  at  the  end  of  three  or  four  years, 
the  rail  was  split  by  the  penetrating  action  of  the  flange.  The 
additional  rubbing  resistance,  at  the  same  time,  arising  from  the 
frictional  contact  of  the  two  surfaces  of  different  radii — ^the  tread 
and  the  flange — amounted  to  from  30  to  50  per  cent,  of  the 
resistance  under  normal  conditions.  But  the  objections  of  unequal 
urear  were  met  by  extending  the  width  of  the  brake-blocks,  so  as 
to  confine  and  take  a  bearing  upon  the  flange  as  well  as  upon  the 
tread  of  the  wheel.  The  flange  was  worn  down  at  the  same  rate 
as  the  tread,  the  life  of  the  wheel  was  prolonged,  the  rail  was 
saved  from  rupture,  and  the  additional  resistance  to  traction  was 
prevented. 

The  hardest  kind  of  chilled  iron  is  the  best  material  for  brake 
blocks,  for  the  purpose  of  wearing  upon  the  flanges  of  the  wheels. 
But  it  is  not  the  best  for  stopping  the  car,  for  it  does  not ''  cling  " 
to  the  wheel  so  well  as  softer  iron  does.  Still,  the  brakes  should 
have  a  sufficient  degree  of  pressure  applied  to  arrest  the  turning  of 
the  wheels. 

In  the  construction  of  American  cars,  the  best^ American  white 
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oak  is  used  for  the  framework  of  the  substructure,  and  the  best 
white  ash  for  that  of  the  body.  The  life  of  a  tramcar  in  Amenca, 
properly  maintained,  is  from  25  to  30  years.  On  the  New  York 
and  Haarlem  Tramway,  cars  placed  there  in  1857  are  still  running. 
Mr.  Bancroft  states  that  the  wheels  last  for  about  30,000  miles, 
and  the  axles  for  from  200,000  to  300,000  miles.  On  tramways 
of  from  4  to  8  miles  in  length,  with  gradients  varying  up  to  i  in 
25,  cars  taking  80  passengers  as  a  maximum  load,  are  drawn 
usually  by  two  horses;  in  very  hot  weather,  a  third  horse  is 
occasionally  attached  to  assist  the  others  on  a  steep  incline. 

The  price  of  "top-seat"  cars  in  America  is  about  11,000 
dollars,  or  £,22^* 

Mr.  Martineau"^  gives  the  following  table  of  the  capacity  and 
the  weight  of  tramway  cars  and  waggons  : — 

Weight  of  English  and  Foreign  Cars,  constructed  by 
THE  Starbuck  Car  and  Waggon  Company. 
Cars  :— 

London,  car  to  seat  22  in  and  22  out   . 

Hoylake  ,,         22      „      24  ,,     . 

Birkenhead    ,,         22      ,,      24   ,,     . 

Oporto  ,,  20      ,,      20   ,,     . 

Middlesbro*    ,,  16      „      16  ,,     . 

Naples,  open  car,  with  5  transverse  seats,  to 
seat  20 21     I  20 

Naples,  car  to  seat  12  inside  only  (with  partition)    26    3  14 

.  34  o  o 
.  34  o  o 
.  24  I  o 
.  29  o  o 
.31     00 

Tramway  Goods  Waggons  :— 

Pemambuco  waggon 29  2  1 1 

Oporto  open  goods 27  i     o 

,,      covered  goods          .        -        .        .        .  32  i    o 

IVbfe. — The  weights  above  given  include  wheels  and  axles. 

•  Proceedings  of  the  Institution  of  Civil  Engineers y  vol  1., 
page  42. 


Weight, 
cwtf.  qn.  lb*. 

49 

3 

0 

46 

3 

7 

47 

I 

14 

40 

2 

0 

34 

0 

0 

Brussels         ,, 

16 

Middlesbro'  „ 

14 

Sheffield 

16 

Leeds             ,, 

18 
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From  this  statement,  it  appears  that  the  weight  varies  from 
2^  tons  for  a  fiiU-sized  car  carrying  forty-six  passengers,  to  24  cwt 
for  a  light  one*horse  car  carrying  fourteen  inside.  Some  heavier 
cars,  not  mentioned  in  the  tabic,  have  been  made  for  Russia, 
weighing  3  tons.  They  were  made  with  wrought-iron  under- 
framing,  iron  panels,  and  elliptic  springs.  The  bearing-springs  of 
tramcars  are  most  commonly  made,  wholly  or  partly,  of  india- 
rubber;  but  it  had  been  found  that  they  would  not  bear  the 
extreme  and  lasting  cold  of  a  Russian  winter,  for  which  steel 
springs  are  indispensable.  Steel  springs,  in  connection  with 
screw-brakes,  which  are  preferred  by  Russian  engineers,  make  the 
Russian  car,  of  course,  a  heavier  vehicle  than  English  cars. 

Light  One-horse  cars  are  used  in  England — principally  at 
Sheffield,  Leeds,  and  Leicester.  They  are  also  much  used  on 
the  Continent — ^in  Naples,  Oporto,  Antwerp,  and  Brussels— and  it 
appears  that  they  are  extending  in  use,  and  are  replacing  the  two- 
horse  car  with  roof-seats,  or  an  "  imperial,"  as  the  upper  stage 
is  designated.  As  Mr.  Martineau  justly  observes,  there  can  be 
no  doubt  that  the  heavy  weight  of  roof-seats,  with  a  number  of 
people  on  them,  strains  the  framework  of  a  car,  in  starting  and 
stopping,  and  that,  therefore,  cars  made  without  such  seats  last 
the  longest.  It  has  been  said  that  the  essence  of  a  tramway  is  to 
keep  up  a  continuous  flow  of  traffic,  so  that,  if  possible,  a  car 
should  always  be  in  sight;  and  the  principle  of  continuity  of 
service  may  often  be  more  economically  maintained  by  means  of 
one-horse  cars  than  by  heavier  cars  with  two  horses. 

Taking  wide  averages,  it  may  be  stated  that  the  number  of 
passengers  carried  per  mile  run  by  cars  is  seven.  The  significa- 
tion of  this  statistical  item  is,  that  seven  passengers  are  taken  up 
and  set  down  per  mile  run  by  each  car.  Supposing  that  a  car, 
going  70  miles  in  a  day,  makes  four  stoppages  per  mile-run,  for 
passengers  and  interruptions,  it  would  be  stopped  and  started  nearly 
three  hundred  times  a  day.  When  it  is  reflected  that  a  a^-ton 
car  fully  loaded  with  passengers,  becomes  a  moving  mass  equal  to 
6  tons  in  weight— or,  half  loaded,  upwards  of  4  tons — ^it  is  dear 
that  the  duty  of  arresting  such  a  heavy  mass,  with  the  resumption 
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of  motion,  entails  a  vastly  greater  internal  stress,  comparatively, 
than  is  borne  by  ordinary  30-cwt.  omnibuses,  or  even  by  railway 
carriages.  Railway  carriages,  themselves  strongly  framed  though 
they  be,  shake  loose  in  the  framework.  The  elastic  oscillation  of 
the  body  framing  of  these  may  be  observed  at  the  doorways,  in 
many  instances,  when  a  train  is  started,  if  the  valve-gearing  of 
the  locomotive  be  not  equally  adjusted  so  as  to  generate  an  even 
pull  on  the  train. 

But  there  is  the  patent  objection  to  the  smaller  cars,  that  what 
is  fictitiously  called  the  "  dead  weight "  of  the  smaller  car  con- 
stitutes a  larger  proportion  of  the  gross  weight  with  passengers, 
than  that  of  the  larger  car.  It  was  seen,  for  example,  that  the 
2i-ton  car  can  carry  3 J  tons  of  passengers — "paying  weight"-— 
whereas  the  24-cwt  car  can  take  little  over  a  ton  of  passengers. 
Otherwise — 

The  2^ton  car  weighs  i'o8  cwt.  per  passenger 
The  24-cwt.        „  171 


»t  ft 


showing  that  the  lighter  car  has  57^  per  cent,  more  weight  of 
material  per  passenger  than  the  heavier  car.  There  is  a  certain 
degree  of  force  in  the  argument  thus  deducible  in  favour  of  the 
heavier  car.  But  it  may  mislead.  Suppose,  on  the  contrary,  that 
the  heavier  car  conveyed  on  an  average  only  as  many  passengers 
as  the  lighter  car  with  its  load,  it  might  with  an  equal  degree  of 
plausibility  be  made  to  appear  that  the  lighter  car  would  be  much 
the  more  economical,  since  there  would  be  a  gross  weight  of 
4^  tons  against  only  3^  tons  for  the  lighter  car.  And,  again,  the 
lighter  car  employs  only  one  horse,  whilst  the  heavier  employs 
two. 


CHAPTER  11. 

INSIDE 'AND -OUTSIDE   PASSENGER    TRAMCAR, 
CONSTRUCTED  BY  THE  METROPOLITAN  RAIL- 
WAY CARRIAGE  AND  WAGGON  COMPANY. 

This  car — shown  in  Plate  I.  (Figs.  230  to  235) — was  constructed 
for  the  North  Dublin  Street  Tramways.  It  is  suited  to  the  railway 
and  tramway  gauge  of  Ireland — 5  feet  3  inches.  It  seats  20  pas- 
sengers inside,  and  22  outside :  total,  42  passengers.  The  weight 
of  the  car  is  about  2^^  tons,  equivalent  to  1*19  cwt.  per  passenger. 
The  weight  of  42  passengers  is  3  tons ;  and  the  gross  weight, 
fully  loaded,  is  5}  tons. 

The  body  of  the  car  is  15  feet  3  inches  long,  and  6  feet 
8  inches  wide,  outside  measurement.  It  is  about  10  feet  z  inch 
high  to  the  roof  seats,  and  the  total  height  over  all  amounts 
to  II  feet  3  inches.  The  total  length  is  21  feet  3  inches,  in 
which  a  length  of  3  feet  is  allowed  at  each  end  for  the  platform. 
The  length  of  the  body,  inside,  is  14  feet  7  J  inches,  which,  for 

10  seats  on  each  side,  provides  an  allowance  of  i*j\  inches  per 
passenger.     On  the  roof,  the  allowance  per  passenger  for  22,  or 

11  on  each  side,  amounts  to  about  16^^  inches.  The  axles  are 
placed  at  centres  6  feet  apart. 

The  roof-seats  are  approached  by  a  spiral  staircase  at  each 
end.  The  inside  seats  are  stuffed  with  the  best  curled  horsehair, 
and  covered  with  Utrecht  velvet.  The  body  is  closed  by  a  sliding 
door  at  each  end.  All  the  side  windows,  except  two  on  each  side, 
are  fixed  ;  these  two  slide  downwards,  and  they  are  fitted  in  the 
slides  with  steadying  springs.  Sliding  curtains  are  mounted  on 
iron  rods.     Ventilation  is  provided  by  means  of  small  hinged 
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windows  under  the  outside  seats.    Two  lamps  are  fixed  within  the 
car. 

The  whole  of  the  framing  is  of  well-seasoned  oak  or  ash,  and 
the  panels  are  of  mahogany,  \  inch  thick.  The  doors  are  of  ash. 
The  roof  is  covered  on  the  outside  with  canvas,  rendered  thoroughly 
watertight  with  paint  The  canvas  is  protected  by  boards  or  slats, 
forming  footpaths  for  outside  passengers. 

The  undeiframe  consists  of  two  side-soles,  3J  by  3  inches,  two 
end-soles,  /^\  inches  wide  and  3  inches  deep,  rebated  for  the  floor- 
boards, and  four  cross-bats,  3^-  inches  wide,  and  2  inches  deep. 
The  flooring-boards  are  i  inch  thick,  let  flush  into  the  side-soles 
and  end-soles.  The  comer-pillars  are  3i  inches  by  4^  inches, 
rounded  at  the  outer  angles.  There  are  seven  intermediate  pillars 
at  each  side,  between  which  the  side-windows  are  framed.  The 
upper  side-rails  are  ^\  inches  square.  The  end-rails  are  i^  inch 
thick,  shaped  to  the  form  of  the  roof;  and  there  are  16  inter- 
mediate roof-sticks,  i^  inches  square,  placed  at  distances  of 
II  inches  apart  between  centres.  The  roof-boards  are  ^  inch 
thick,  and  the  flooring-boards  on  the  roof  are  (  inch  thick.  Each 
platform  is  carried  by  three  cantilevers,  2}  inches  thick,  and 
5}  inches  deep  at  the  middle,  bolted  to  the  underframe  of 
the  car. 

The  wheels  and  the  axles.  Figs.  236,  237,  238,  are  of  cast  steel. 
The  wheels  are  30  inches  in  diameter,  and  are  each  formed  with 
six  spokes ;  one  of  them  is  keyed  fast  on  the  axle,  and  the  other 
is  loose  and  revolves  independently;  it  is  formed  with  a  nave 
8  inches  in  length,  hollow  in  the  middle,  making  a  receptacle  for 
oil.  The  rim  is  2)  inches  wide,  and  is  formed  with  a  flange  pro- 
jecting A  inch  from  the  tread  of  the  wheel,  according  to  the 
section,  Fig.  238.  The  axle  is  2^  inches  in  diameter  between  the 
wheels,  and  2f  inches  in  the  naves  of  the  wheels.  The  journals 
are  i{  inches  in  diameter,  and  4}  inches  long.  They  are  formed 
with  flat  ends,  without  collars,  and  they  take  their  bearings  endwise 
against  steel  wearing-plates,  inserted  in  the  axle-boxes.  The 
diameter  of  the  tread  is  2  feet  6  inches  next  the  flange,  and  it  is 
\  inch  less  at  the  outer  edge,  making  a  slope  of  i-^  inch,  or  i  in 
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24,  on  the  face  of  the  tread.  The  rim  is  i  inch  thick  at  the  outer 
edge.  The  two  wheels  are  placed  on  the  axle  at  a  distance  of 
5  feet  i\  inches  between  the  backs  of  the  tyres,  which  is  1}  inches 
less  than  the  gauge  of  the  rails  ;  so  that,  deducting  the  thickness 
of  the  two  flanges,  i  inch  remains  for  play.  When  the  wheels, 
therefore,  stand  centrally  on  the  rails,  the  flanges  are  just  \  inch 
clear  of  the  rail  at  each  side.  This  is  an  important  point  It  is 
necessary  that  the  flanges  of  the  wheels  should  not  touch  or  revolve 
against  the  inner  ledges  of  the  rails ;  in  order  that  any  binding  of 
the  way,  and  increased  resistance,  and  probable  alteration  of 
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Fig.  236.    Dublin  Tramcar :— "Wheels  and  axle.    Scale  ^4, 


gauge,  or  derailment,  may  be  avoided.  It  is  well,  therefore,  that 
the  clearance  between  the  flanges  and  the  treads  of  the  rails 
should  be  limited  to  what  is  just  requisite  for  free  circulation,  and 
the  whole  remaining  width  of  the  groove  given  to  tlie  inside. 
There  is  another  advantage  in  this  disposition  of  the  wheels,  that 
detritus  collected  in  the  groove  is  the  more  easily  pushed  aside  by 
the  action  of  the  flanges.  The  length  of  the  axle  between  the 
centres  of  the  journals  is  6  feet  4  inches,  being  13  inches  larger 
than  the  width  of  gauge.  The  overhang  of  6\  inches  at  each  end 
^or  5  inches  from  the  nave  of  the  wheel — confers  the  advantage 
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of  some  degree  of  elasticity  of  action,  as  between  the  rigid  bearing 
of  the  wheel  on  the  rail  and  the  bearing  of  the  axle-box. 


Fig.  J37.  Dublin  Tram- 
car  :  —  Side  riew  of 
wbeel.    Scale  A* 

The  axle-boxes,  Fig.  139,  are  of  American  pattern ;  they  are 


FlO.  itp.  Dublin  Tramcar  :- 
SecLon  of  bnisi  bearinj;  ii 
oile.box.     Scale  \. 


;  excellently  constnicted,  with  lubrication  by  oil.     They  are  very 

'  nmple.    The  body  of  the  box  is  cast  in  one  piece,  with  a  recep- 


3^64  TRAAflVAY  CARS. 

tacle  in  the  lower  part  for  cotton>waste,  which  is  soaked  with  oil, 
and  laps  the  journal  below.  The  brass  or  gun-metal  bearing,  Fig. 
240,  is  formed  with  a  hollow  in  the  upper  side,  as  a  receptacle  for 
oil,  which  is  introduced  through  a  hole  in  the  top  of  the  box,  and 
is  admitted  upon  the  journal  through  two  oil-holes  in  the  brass. 
The  brass  bears  upon  the  journal  for  all  its  length,  but  is  restricted 
to  a  narrow  width  of  contact,  about  i  S  inches,  upon  the  journal : 
being  five-eighths  of  the  diameter.  The  horizontal  area  of  the 
bearing-surface  on  one  journal  is  (4J  x  lA  =)  S'^A  square 
inches,  upon  which  the  maximum  load  is  a  fourth  of,  say,  5  tons, 
or  2,800  pounds — equivalent  to  500  pounds  on  the  square  inch  of 
bearing-surface.  Again,  for  the  horizontal  area  of  the  journal, 
which  amounts  to  (4}  X  i|  =)  841  square  inches,  the  maximum 
load  is  equivalent  to  333  pounds  per  square  inch.  These  are 
great  amounts  of  pressure  concentrated  on  a  square  inch  of 
surface.  They  may  be  contrasted  with  the  corresponding  distribu- 
tion of  pressure  on  the  axle-journals  of  railway  rolling  stock : — 

Tramway  car.  Railway  stock. 
lbs.  lbs. 

Load  per  square  inch  of  bearing  surface     .    500  300 

Do.  do.  of  horizontal  area  of 

journal   .        .        .333  224 

It  may  here  be  noted  that  the  gross  weight  of  the  Birmingham 
Central  double  bogie  car— say  8  tons — is  distributed  at  the  rate  of 
360  pounds  per  square  inch  of  horizontal  area  of  journals. 

The  excess  of  pressure  in  tramway  cars  is  warranted  by  the 
limited  speed  of  tramway  traffic,  with  the  frequency  of  stoppages. 
But  there  is  another  feature  in  this  axle-box,  of  great  utility — the 
grit-shield,  made  of  papier-mach^,  which  embraces  the  axle,  and 
is  let  into  a  groove  formed  in  the  back  of  the  axle-box.  The 
shield  not  only  excludes  dust  and  dirt  from  the  axle-box,  but  it 
also  aids  in  preventing  waste  of  oil. 

The  brass  is  free  to  slide  laterally  under  the  upper  part  of  the 
,  axle-box,  and  is  slightly  rounded  at  the  surface  of  bearing  on  the 
box.  The  needful  end-resistance  is  supplied  by  the  steel  bearing- 
plate,  already  noticed,  let  into  and  sustained  in  vertical  grooves  in 
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the  front  part  of  the  box,  to  oppose  the  end  of  the  journal,  and 
limit  the  lateral  play  of  the  axle  in  the  axle-boxes  to  an  allowance 
of  f  or  J  inch.  The  journal  is  also  free  to  slide  laterally,  to  a 
limited  extent,  under  the  brass.  The  effect  of  all  this  freedom  of 
action  is,  that  the  liability  to  binding  or  heating  in  the  axle-boxes 
is  reduced  to  a  minimum,  whilst  the  traction  of  the  car  is 
facilitated. 

A  portion  of  the  front  of  the  axle-box  is  readily  removable,  so 
that  every  part  of  the  axle-box  may  be  opened  to  inspection,  and 
the  brass  withdrawn,  or  the  stuffing  renewed.  The  axle-box,  as  a 
whole,  may  also  be  withdrawn  from  the  axle. 

The  axle-guards  are  of  cast  iron,  bolted  to  the  side-soles.  They 
are  formed  with  broad  bearing-surfaces,  to  support  the  axle-box  for 
its  whole  length,  from  front  to  back,  and  with  a  recess  at  each  side 
of  the  axle-box,  in  which  the  bearing-springs  are  lodged.  The 
springs  are  of  india-rubber,  two  to  each  axle-box,  manufactured 
by  the  North  British  Rubber  Company.  They  are  barrel-shaped, 
and  placed  on  end,  each  of  them  between  two  dished  washers, 
upon  the  lateral  extensions  of  a  wrought-iron  saddle,  which 
bestrides  the  axle-box.  The  side-soles  of  the  car  take  a  bearing 
upon  the  upper  ends  of  the  springs. 

The  bearing-springs  are  formed  of  a  special  compound  of  india- 
rubber,  stiffer  than  pure  rubber,  so  as  to  dispense  with  the  aid  of 
steel  as  an  auxiliary.  There  is  no  need  for  steel  in  combination 
with  rubber  anywhere,  provided  that  a  sufficient  area  of  base  is 
obtained  for  the  rubjjer.  There  is  a  pair  of  india-rubber  springs 
over  each  axle-box,  which  are  about  7  inches  high,  when  un- 
loaded, and  4^  inches  in  diameter  at  the  middle.  They  are 
reduced  in  height  |  inch  by  compression  under  the  empty  car, 
under  a  net  weight  of,  say,  2  tons.  Divided  over  eight  springs, 
the  compressing  weight  per  spring  is  i  ton — ^whence  it  is  deduced 
that  the  springs  yield  at  the  rate  of  (f  X  4  =)  i^  inches  per  ton 
on  each  spring,  in  the  first  stages  of  compression.  Under  the  net 
load  of  s  tons,  the  load  per  spring  would  be  (5  -r  8  =)  f  ton, 
2nd  the  total  deflection  would  be(i^xt=)  nearly  i  inch  for 
each  spring. 
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The  brake,  on  the  system  known  as  Stephenson's,  of  New  York, 
is  worked  at  the  platform  at  each  end  of  the  car.  A  block  of 
cast  iron  is  applied  to  each  wheel.  The  blocks  are  hung  as  two 
pairs,  each  pair  on  a  transverse  swing-beam,  applicable  to  one  pair 
of  wheels.  The  beams,  when  not  under  pressure,  hang  free  of  the 
wheels.  The  power  is  applied  by  hand  by  turning  a  vertical  iron 
shaft  or  spindle,  on  which  a  chain  is  coiled.  The  chain  is  con- 
nected to  one  end  of  a  long  intermediate  transverse  lever,  pivoted 
under  the  centre  of  the  car,  from  which,  by  pulling-rods  pinned  to 
it  near  the  centre,  the  swing-beams  and  brake-blocks  are  pulled 
into  contact  with  the  wheels.  The  actual  pressure  applied  to  the 
wheels  in  this  manner  may  be  calculated  from  the  dimensions  of 
the  brake-gear.  The  handle,  or  crank,  has  a  radius  of  lo  inches, 
whilst  the  chain  is  coiled  on  the  shaft  to  a  mean  radius  of  about 
f  inch.  Next,  the  chain  pulls  the  intermediate  lever  at  a  radius 
of  22^  inches,  measured  from  the  central  pivot,  and  the  puUing- 
rods  are  connected  at  a  radius  of  4i  inches.  Applying  these  data, 
the  pressure  applied  at  the  handle  is  multiplied  or  intensified  72 
times  when  it  is  transmitted  to  and  applied  to  the  wheels:  calcu- 
lated thus,  in  terms  of  the  ratios  : — 

Ratio  of  Inches.  Inches. 

Handle  to  chain 10     to       ^ 

Long  lever  to  short  lever         .        •        .    22^   to     4^ 

Final  ratio      •        •        •        .225      to     3*94 
or,  Leverage  of  the  power  .        .    57     to      i 

Suppose  that  a  man  can  apply,  on  emergency,  a  pressure  of 
56  lbs.  to  a  crank-handle.  The  statical  equivalent  of  this  pressure 
at  the  handle  is  (57  x  56  =)  3,192  lbs.  at  the  tyres  of  the 
wheels,  or  i'42  tons.  This  is  the  breaking  force  that  may  be 
applied  to  the  wheels;  and,  supposing  that  the  coefficient  of 
frictional  resistance  between  the  brake-blocks  and  the  wheels  is  the 
same  as  that  between  the  rails  and  the  wheels,  it  would  appear 
that  the  wheels  may  not  be  skidded  by  the  application  of  this 
brake,    even    when    the    car   is   empty,    when    the    weight    is 
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jj  tons.  Of  course,  with  its  complement  of  weight,  as  passen- 
gers, adding  a  ton  and  a  half,  and  making  up  3  tons  gross, 
it  is  still  less  practicable  to  skid  the  wheels,  unless  the  co- 
efficient of  friction  of  the  brake-blocks  is  considerably  greater  than 
that  upon  the  rails.  Id  practice,  the  wheels  can  be  skidded  by 
the  brake. 

Frameworic  of  such  tender  scantling  as  that  of  the  tramway  car, 
with  a  contracted  wheel-base,  great  overhang,  and  seat-ioom  for  a 
heavy  load  of  passengers,  it  is  needful  to  stiffen  by  means  of  truss- 
rods.     The  underframe  is  Strengthened  by  a  trussing  of  iron  bars 


Fig.  241.    Disc  car-wheel  and  aile. 
Scale  -h- 


Fig,   241.      Disc  csr-wheel. 
Section  of  tyre.     Scale  \. 


applied  under  the  seats,  with  tightening  screws  at  the  ends,  under 
the  side-soles ;  and  by  tie-bars  and  diagonal  rods  connecting  the 
axle-guards  and  the  side-soles.  The  roof,  too,  being  of  the  form 
of  an  interrupted  arch,  to  make  a  support  for  the  roof  seats, 
requires  to  be  trussed ;  and  in  order  to  stiffen  the  roof,  a  segmental 
truss-rod  is  applied  at  each  side,  suspended  between  the  ends  ot 
the  body,  and  clasped  to  the  roof-ribs. 

The  price  of  this  car,  to  the  Irish  gauge,  is  £,\ 94,  at  the  works ; 
to  the  English  gauge,  the  price  of  the  car,  of  equal  capacity,  is 
^192  ros.    The  weight  in  each  case  is  taken  at  z\  tons. 
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The  ordinary  solid  disc-wheels  and  axles  employed  by  the 
Metropolitan  Company  for  tramcars,  are  shown  in  Figs.  241,  242. 
The  wheels  are  dished  inwardly,  with  stiffening  flanges  on  the 
back ;  they  are  30  inches  in  diameter.  The  naves  are  4  inches 
deep,  and  are  simply  driven  tightly  upon  the  axle,  where  they 
remain  without  the  aid  of  keys.  The  disc  is  i  inch  thick  at  the 
nave,  and  is  reduced  to  a  thickness  of  f  inch  at  the  rim.  The 
rim  is  2f  inches  broad,  comprising  the  thickness  of  the  flange, 
\  inch,  and  the  width  of  the  tread,  2  J  inches.  The  flange  projects 
\  inch  from  the  tread ;  the  axle  is  3  inches  in  diameter  between 
the  wheels,  2^  inches  in  the  naves ;  and  the  journals  are  2  inches 
in  diameter,  by  5J  inches  long. 


CHAPTER  III. 

INSIDE  PASSENGER  TRAMCAR,  CONSTRUCTED 

BY  THE  STARBVCK  CAR  AND  WAGGON 

COMPANY 

The  passenger  tramcar,  to  hold  eighteen  passengers  inside,  illus- 
trated by  Plate  II,  (Figs,  243  to  247),  is  an  excellent  example  of 
its  kind.    The  body  is  14  feet  long  and  6  feet  7  inches  wide. 


Flc.  34S.    Section  o(  wheel-tyre  of  the  Starbuck  car.     Scale  {. 

outside  measure.  The  clear  length  inside  is  about  13  feet  3  inches, 
which,  for  nine  persons  on  each  side,  contains  an  allowance  of 
17J  inches  for  each  passenger.  This  allowance  is  liberal;  in 
omnibuses,  16  inches  only  is  allowed.  The  weight  of  the  car  is 
31  cwL ;  equivalent  to  171  cwL  per  passenger.  The  total  length 
of  the  car,  over  the  platforms,  allowing  3  feet  for  each  platform, 
is  ao  feet;  and  the  extreme  height,  above  the  rails,  is  9  feet 
3  inches.  The  gauge  of  the  rails  is  4  feet  8}  inches. 
The  wheels  are  2  feet  6  inches  in  diameter,  of  cast  iron  chilled 
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at  the  tread  and  the  flange,  which  are  of  the  section  shown  in 
Fig.  248 ;  the  axles  are  3  inches  in  diameter,  and  are  of  best  scrap 
iron.  They  are  placed  at  a  distance  of  5  feet  6  inches  between 
centres.  The  bearing-springs  are  of  india-rubber — ^two  blocks  to 
each  axle-bearing.  The  brake  is  of  the  same  design  as  that 
already  described  for  the  Dublin  car;  but  the  proportions  are 
different,  thus : — 

Ratio  of  Inches.     Inches. 

Handle  to  chain         .        .        .        .        .        9    to    i 
Long  lever  to  short  lever    .        .        .        .      24    to    3 

Final  ratio         •        .        .        •    216    to    3 
or,  Leverage  of  the  power      •        •      72    to    i  rM 

For  a  pressure  of  56  lbs.  at  the  handle,  the  statical  equivalent 
at  the  wheels  is  (72  x  56  =-)  4,032  lbs.,  or  nearly  2  tons — a  con- 
siderably greater  pressure,  for  a  considerably  lighter  vehicle,  than        I 
was  found  in  the  Dublin  car.     In  short,  the  leverages  are  respec-    =r!: , 
tively  as  follows : —  jP^ 

Total  weight  Leverage  Leverage  per 

Car.  half-loadod.  of  brake.  ton  of  weight. 

Metropolitan  .    4^  tons    ...    57  to  i     ...     13*4  to  i 

Starbuck  .        •    3     »f        ...    72  to  i     ...     24     to  i 

Such  variations  of  practice  point  to  the  greater  strength  and  power 
of  resistance  to  braking  stress  of  the  solid-roofed  cars,  relative  to 
cars  with  interrupted  roofs  and  top-loads. 
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CHAPTER  IV. 

INSIDE-AND'OUTSIDE  PASSENGER-CAR  FOR    . 
STEAM  TRACTION,  CONSTRUCTED  BY  THE 
FALCON  ENGINE  AND  CAR  WORKS, 
LOUGHBOROUGH. 

This  car — shown  in  Plate  III.  (Figs.  249,  250),  and  further 
illustrated  in  Figs.  251  to  253 — was  constructed  for  the  Birmingham 
Central  Tramways,  on  a  gauge  of  3^  feet,  to  carry  thirty  passengers 
inside  and  thirty  outside.  It  runs  on  eight  21-inch  wheels,  set  in 
two  swivelling  bogies.  The  body  is  of  the  usual  street  car  type, 
having  a  platform  and  staircase  at  each  end,  and  an  awning  over 
the  top  seats.    The  dimensions  are — 

Length  inside  body,  20  feet  \  inch,  or  16  inches  per  passenger. 

Leng-th  over  platforms,  29  feet  i^  inches. 

Width  outside  pillars,  5  feet  6\  inches. 

Width  over  all,  5  feet  9  inches. 

Height,  14  feet. 

Distance  apart  of  bogies,  between  centres,  19  feet  8^  inches. 

The  bottom  frame  is  of  oak,  put  together  with  white  lead,  and 
where  necessary,  with  oak  pins.  Each  side  is  trussed.  The  side 
and  comer  pillars  are  of  ash.  The  waist  panels  are  of  Honduras 
mahogany,  and  the  rocker  panels  of  whitewood.  The  inner  sides 
of  the  panels  are  covered  with  canvas  glued  on.  The  panels  are 
pinned  to  every  pillar,  except  the  end  pillars,  to  which  they  are 
screwed ;  they  are  glue-blocked  to  the  battens. 

The  floor  is  of  i-inch  red  deal,  tongued  and  grooved,  nailed 
down  to  the  bottom  frame.     Wearing  grids  are  formed  of  longi- 
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tudinal  strips  of  white  deal,  nailed  to  the  floor.  The  roof  ribs  are 
of  American  elm  or  English  ash,  bent  to  the  curves  and  covered 
with  pitchpine  tongued  and  grooved.  Canvas  is  put  on  with  white 
lead,  and  painted  outside  with  four  coats  of  white  lead  paint.  The 
doors  have  frames  of  cherry,  panelled  at  the  bottom  with  light  wood 
and  at  the  top  with  glass.  They  are  hung  on  brackets  and  rollers 
at  the  top,  and  are  fitted  with  friction-plates,  handles,  and  catches. 

The  inside  casings  are  framed  together,  and  fitted  with  fancy 
wood  patterns  finished  in  their  natural  grain.  A  swing  door  with 
glass  panel  is  fixed  on  the  side  where  the  car  door  slides  in.  The 
windows  are  of  best  polished  plate-glass,  and  i-inch  bare  in  thick- 
ness, fixed  in  grooved  india-rubber.  The  blinds  are  of  curtain 
form,  of  mohair  mounted  on  polished  brass  rods.  The  seats  and 
backs  are  of  perforated  veneer  in  one  piece,  suitably  carved, 
finished  in  the  natural  grain,  and  French  polished.  The  inside 
hand  rails  are  of  wrought-iron  tube  with  screwed  ends.  They  act 
as  tension  rods  to  keep  the  roof  in  proper  form.  A  sufficient 
number  of  hand-straps  are  provided.  There  are  two  lamps,  one  at 
each  end  of  the  car.  Their  reflectors  are  fluted  glass  mirrors, 
showing  a  strong  light  to  the  car  and  a  coloured  signal  light  out- 
side. Ventilators  are  fixed  inside  of  the  roof.  Cords  are  pro- 
vided to  be  connected  with  the  gong  on  the  engine. 

The  platforms  are  of  i-inch  red  deal,  4i  feet  long.  The  frames 
and  supports  are  of  angle- iron,  with  oak  bearers.  The  ofi'-sides  are 
railed  in.  The  entrances  are  fitted  with  gates  and  locks.  The 
flooring  is  either  tongued  and  grooved  or  open-jointed.  The  steps 
are  of  hard  wood,  on  wrought-iron  brackets.  The  dash  or  fence  is 
formed  of  wrought-iron  rails  supported  by  suitable  standards,  with 
a  hand-rail  at  the  top,  and  shut  in  outside.  A  light  staircase  is 
fixed  to  each  platform  to  give  access  to  the  seats  on  the  roof.  The 
stair  has  sheet-iron  stringers  and  risers  and  wood  treads.  The 
risers  are  flanged  to  receive  the  treads  and  secure  the  stringers. 

The  frames  of  the  bonnets  are  of  ash  or  American  elm,  bent  to 
the  curves,  and  covered  with  pine  and  canvas,  as  specified  for  the 
roof;  fixed  to  the  ends  of  the  cars  with  wrought-iron  brackets. 

The  top  seats  are  of  slat-and- space  construction,  with  reversible 
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backs.  The  slats  are  of  pitch-pine  or  other  suitable  wood,  var- 
nished the  natural  colour.  A  light  wooden  roof  covered  with 
canvas  is  supported  by  iron  standards.  The  upper  part  of  each 
end  is  glazed  and  fitted  with  a  deal  door.     Wearing  slats  of  deal 


Fjg.  251.    Car  for  steam  traction  :  bogie.    Elevation. 


Fig.  252.    Car  for  steam  traction :  bogie.    Plan. 

are  fitted  alongside  the  roof  and  across  the  bonnets.  A  light  and 
strong  hand-rail,  2\  feet  high,  of  wrought-iron  tube  with  wrought- 
iron  feet,  all  screwed  together,  is  securely  fixed  round  the  top  of 
the  car  and  on  the  outer  side  of  each  staircase. 
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The  bogies,  Figs.  251  to  253,  are  of  wrought-iron.  The  axles 
of  each  bogie  are  3  J  feet  apart.  The  sides  are  cut  out  of  | -inch 
solid  plates,  forming  guides  for  the  axle-boxes.  The  centres  are  of 
cast  iron,  with  convenient  means  for  oiling.  Friction  rollers  are 
fitted  on  each  side  to  limit  the  tilting  of  the  car.  The  wheels  are  of 
chilled  cast  iron,  from  America,  2 1  inches  in  diameter,  bored  ta 
2f  inches  in  diameter.  The  axles  are  of  mild  steel,  turned,  with 
2  jf-inch  journals,  having  5}  inches  length  of  bearing.  The  wheels 
are  forced  into  their  proper  places  on  the  axles  by  hydraulic 
pressure.  The  axle-boxes  are  formed  with  oil  wells,  and  to  exclude 
dust  and  dirt.  The  bearings  are  of  gun-metal.  There  are  double- 
spring  check  plates  to  limit  end  play.  The  lids  are  of  wrought 
iron,  fixed  with  a  hook  at  the  top  and  a  bolt  at  the  bottom.  The 
springs  are  of  coiled  steel.  The  deflection  of  the  springs,  when 
fully  loaded,  amounts  to  f  inch. 


Fio.  253.    Car  for  steam  traction :  bogie.    End  view. 


A  wrought-iron  draw-bar  is  connected  to  each  bogie  as  near 
as  possible  to  its  centre.  Brake  blocks  of  chilled  cast  iron, 
supplied  one  to  each  wheel ;  worked  by  means  of  a  hand-wheel 
under  the  stair  at  each  end  of  the  car,  and  arranged  to  connect  to 
the  break- chgiin  from  the  engine. 

The  iron  woiJc  is  of  B  B  Staffordshire  or  other  iron  of  equal 
quality.  It  is  required  to  be  of  light  but  strong  design  and  first- 
rate  workmanship. 

The  outside  of  the  car  receives  three  coats  of  lead  priming, 
eight  coats  of  filling-up,  stopped  and  rubbed  down,  painted,  picked 
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out,  fine  lined,  and  lettered  according  to  colours,  patterns,  and 
wording,  to  be  supplied  by  the  purchaser.  Finished  with  three 
coats  of  durable  body  varnish  outside  j  and  French  polished  inside, 
except  the  roof,  which  is  varnished  with  finishing  body  varnish. 

Tons,  cwts. 

Weight  of  car,  unloaded 3    18 

Do.,  fully  loaded  with  60  passengers,  weighing 
4  tons,  at  the  rate  of  15  passengers  per  ton    .7     18 

The  gross  weight  may  be  taken  as  8  tons,  or  2  tons  per  axle, 
or  I  ton  per  wheel.  The  total  horizontal  bearing  area  of  the 
journals  may  be  taken  at  50  square  inches,  and  the  gross  load 

at  [ — =  )  358*4,  or,  as  a  round  number,  360  lbs.   per 

square  inch. 

The  weight  of  the  car  unloaded  is  1*30  cwt  per  passenger. 


CHAPTER  V. 

RADIAL-AXLE  PASSENGER  TRAMCAR,  BV 
MR.  JAMES  CLEMINSON. 

Mr.  Cleminson*s  system  of  three  axles,  forming  a  self-adjusting 
or  "flexible"  wheel-base,  complies  with  the  conditions  of  the 
problem  of  a  free  passage  along  curves  in  a  satisfactory  manner. 
The  axles,  with  their  axle-boxes,  springs,  and  guards,  are  mounted 
in  independent  frames,  one  to  each  axle,  separate  from  the  main 
underframe  of  the  carriage.  The  end  frames  are  fitted  with  central 
pivots,  on  which  they  swivel  freely,  whilst  the  middle  frame  is  so 
arranged  that  it  can  slide  transversely.  The  three  frames  are 
connected  together  by  articulated  radiating  gear,  so  that  they  act 
s)nnpathetically,  in  such  a  manner  that  when  the  carriage  or  the 
car,  leaving  a  straight  portion  of  the  way,  passes  on  to  a  curve, 
the  end  axles  are  deflected  horizontally,  forming  angles  with  the 
central  axle,  and  taking  up  radial  positions  coincident  with  the 
radii  of  the  curve.  By  means  of  such  self-acting  adjustment,  the 
car  rolls  freely  round  the  curve.  When,  conversely,  the  car  passes 
from  the  curve  to  the  straight  line,  the  axles  resume  their  paral- 
lelism, and  the  car  rolls  on  naturally  in  a  straight  line.  The 
automatic  action  arises  from  the  translation  of  the  middle  axle  and 
frame  transversely,  on  a  curve :  the  relative  lateral  movement  of 
the  middle  frame  is  communicated  to  the'  near  sides  of  the  end 
frames,  causing  them  to  swivel  on  their  pivots,  and  to  turn  the  end 
axles  into  appropriate  radial  positions. 

Mr.  Cleminson's  radial-axle  tramcar.  Fig.  254,  has  been  at  work 
on  the  Dublin  and  other  tramways.  The  wheels  are  placed  widely 
apart  under  the  body  of  the  car,  and  the  pitching  movement  inci- 
dental to  the  working  of  tramcurs  constructed  with  the  ordinary 
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contracted  wheel-base,  is  extinguished.    This  car  seats  18  passen- 


gers inside,  and  20  outside ;  total  number,  38.    The  weight  0 
car  is  45  cwt.,  equivalent  to  i'i8  cwt.  per  passenger. 


CHAPTER  VI. 
FRENCH  TRAMCARS. 

The  winter  car^  designed  and  constructed  by  M.  L^on  Francq, 
for  the  tramways  from  the  Arc  de  Triomphe  to  the  Porte  Maillot^ 
accommodates  14  passengers  inside,  and  7  standing  on  each  plat> 
form;  total  number,  28.  The  weight  of  the  car,  empty,  is  1-57 
tons ;  with  passengers,  3*36  tons. 

Feet.  Inches. 

Total  length,  extreme 190 

Length  of  the  body 119^ 

Length  of  each  platform ^      l\ 

Length  inside 1 1      Si 

Space  per  passenger,  width       .  .        •      i      7i 

Width,  transversely,  of  seats     ....15 

Height  of  seats i      7i 

Width  of  passage  way,  between  seats  .      2      91^ 

Width  of  body,  outside 67 

Width  of  doors 111^ 

Height  of  doors 5     1 1 

Maximum  height,  inside ^      9i 

Diameter  of  wheels  (four) 24 

Distance  apart  of  axles,  between  centres  •        •      5      3 

With  dimensions  so  spacious,  this  car  weighs  only  i'i2  cwt  per 
passenger,  or  about  4  per  cent,  more  than  the  inside-and-outside 
car,  described  at  page  360.  The  body  is  constructed  as  ordinary 
coach-work,  with  cross-bars  of  double  T  iron.  The  panels  and 
the  fences  of  the  platforms  are  of  sheet-iron,  varnished.  The 
springs  were  originally  constructed  on  the  Belleville  system,  con- 
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sisting  of  dished  steel  plates,  piled  on  a  spindle  \  but  they  have 
been  replaced  by  ordinary  springs  of  india-rubber,  barrel-shaped, 
like  those  already  described,  standing  8  inches  high,  and  4  inches 
in  diameter  at  the  middle.  The  brake  is  on  Stephenson's  system 
applied  to  all  the  wheels.  The  price  of  the  car  delivered  was 
^180. 

The  resistance  of  the  car  to  traction,  on  a  level,  varies  from 
13  lbs.  to  22  lbs.  per  ton,  according  to  the  state  of  the  way,  at  a 
speed  of  7^  or  8  miles  per  hour. 

The  summer  car,  designed  by  M.  Francq,  has  nearly  the  same 
leading  dimensions  as  those  of  the  winter  car,  and  accommodates 
the  same  number  of  passengers  inside  and  on  the  platforms.  The 
sides  and  the  ends  of  the  body  are  open  above  the  seats,  but  they 
are  provided  with  curtains.  The  weight  of  the  car,  empty,  is  1*37 
tons,  equivalent  to  i  cwt.  per  passenger.  The  price  of  the  car 
delivered  was  £1(^0. 

The  Compagnie  G^n^rale  des  Omnibus  use  large  omnibuses 
(see  Plate  IV.,  Figs.  255,  256),  for  inside  and  outside  passengers, 
on  the  outer  boulevards,  on  the  line  between  the  Etoile  and  La 
Villette.  There  are  seats  for  20  passengers  inside,  22  outside,  and 
standing  room  on  the  platform  for  6  passengers ;  in  all,  48.  The 
body  is  16  feet  5  inches  long  outside ;  the  platform  at  the  back 
projects  4  feet  10  inches  beyond  the  body;  the  steps  project  7 
inches  farther  back  -,  whilst  the  driver  s  seat  in  front  projects  3  feet 
in  advance.  The  total  length  of  the  vehicle  is  24  feet  10  inches. 
The  width  of  seat-space  allowed  in  the  interior  is  19  inches  per 
passenger;  on  the  roof  it  is  i7f  inches.  The  width  of  the  body 
is  6  feet  7  inches  outside.  There  is  one  staircase,  at  the  end, 
leading  to  tlie  roof,  and  the  steps  off  the  platform  descend  end- 
wise. The  body  of  the  car  is  supported  on  transverse  framing  of 
wood,  mounted  on  four  wheels,  3  feet  3f  inches  in  diameter,  at  a 
distance  apart  of  7  feet  loi  inches.  The  wheels  on  one  side  of 
the  car  only  are  flanged,  and  are  keyed  on  their  axles ;  those  on 
the  other  side  are  made  with  flat  tyres,  and  are  loose  on  their 
axles.  The  fore-wheels  only  are  flanged ;  those  on  the  other  side 
are  made  with  flat  tyres.     The  fore-wheels  run  in  a  movable 
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frame,  to  which  traces  for  two  horses  are  attaclied,  and  which 
turns  on  a  perch-bolt,  and  admits  of  an  easy  passage  on  curves. 
The  car  rests  on  laminated  springs,  having  a  span  of  39  inches. 
A  brake,  which  can  be  turned  by  the  driver,  may  be  applied  to 
the  hind-wheels  of  the  car.  The  cars  run  lightly,  and  the  resist- 
ance to  traction  is  much  less  than  that  of  ordinary  tramcars.  The 
weight  of  the  car  empty  is  2*95  tons,  equivalent  to  1-23  cwL  per 
passenger.  The  weight,  when  loaded,  is  from  6  to  Gh  tons.  The 
cost  of  the  car,  constructed  at  the  works  of  the  company,  is 

;^260. 

The  cars  of  the  North  Company  are  seated  for  inside  pas- 
sengers only:  16  inside,  with  standing  room  for  16  on  the  ti?i'o 
platforms;  in  all,  32.  The  weight  is  if  tons  empty,  equivalent 
to  I  cwt.  per  passenger ;   the  weight  loaded  is  from  4i  to  4 J  tons. 

The  cars  of  the  South  Company  are  seated  for  16  inside, 
12  on  the  platforms,  and  18  outside;  in  all,  46.  The  weight  is 
2 '20  tons  empty,  equivalent  to  "96  cwt  per  passenger;  loaded, 
the  weight  is  from  5  to  5*20  tons. 

Each  car  is  worked  with  8,  10,  or  12  horses;  each  pair  making 
a  journey  of  10  miles  per  day.  The  cars  run  from  53  to  56  miles 
per  day. 


1 
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CHAPTER  VII. 

EADE'S  REVERSIBLE  CAR. 

Eade's  car,  patented  in  1877,  was,  in  the  same  year,  started 
on  the  Salford  Tramways  by  the  Manchester  Carriage  Com- 
pany. The  principal  object  in  the  design  of  this  car  has 
been  to  obviate  the  necessity  for  unfastening  and  carrying  the 
draw-bar  and  pole  from  one  end  of  the  car  to  the  other  end,  at 
the  terminus ; — a  duty  which  is  performed  by  a  staff  of  men  known 
as  pole-shifters.  The  body  of  the  car  is  swivelled  centrally  on 
the  underframe,  and  can  be  turned  round  whilst  the  horses  remain 
in  harness,  and  the  driver  retains  his  seat.  The  body  is  secured 
in  position  by  a  simple  locking  apparatus.  There  is  but  one 
entrance  to  the  car,  at  one  end,  and  two  staircases  to  the  roof,  one 
at  each  side  of  the  entrance.  The  entrance  is  reached  by  three 
steps,  one  more  step  than  there  are  in  ordinary  cars,  as  the  body 
is  more  elevated  than  is  usuaL  The  windows  are  at  a  higher  level 
than  is  usual,  and  they  are  considered  to  be  safer.  The  driver 
occupies  an  elevated  seat  in  front. 

The  body  is  seated  for  16  inside  passengers,  and  18  outside 
passengers ;  in  all,  34  passengers.  The  body  is  12  feet  long,  and 
6i  feet  wide,  outside  measure.  It  is  iii  feet  long  inside,  giving 
17  J  inches  per  seat.  The  seat-room  outside  is  12  feet  long,  and, 
for  18  passengers,  is  equivalent  to  16  inches  per  passenger.  The 
total  length  from  the  front  of  the  dash-board  to  the  end  of  the 
staircase,  is  17  feet  6  inches.  There  are  four  30-inch  wheels  to 
the  car,  constructed  with  cast-iron  nave,  wood  spokes  and  rim,  and 
a  flanged  steel  t)'re.     One  wheel  on  each  axle  runs  loose,  and  it 
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is  said  that  the  traction  is  sensibly  eased  by  the  additional  freedom 
of  movement  thus  secured.  The  side-springs  are  ordinary 
laminated  steel  springs  as  used  in  omnibuses.  A  brake  block  is 
provided  for  each  wheel,  constructed  of  wood,  secured  by  four 
I -inch  iron  bolts,  which  take  a  bearing  with  the  wood  on  the 
wheel.  This  construction  of  wood  and  iron,  it  is  stated,  bites 
more  keenly  than  either  wood  or  iron  alone. 

The  weight  of  the  car,  empty,  is  34  cwt,  equivalent,  for  34  pas- 
sengers, to  I  cwt.  per  passenger.  So  low  a  ratio  as  this  has  not 
been  attained  in  any  other  £nglish  car  of  the  same  capacity.  The 
comparative  lightness  of  the  car  is  attained  by  employing  frame- 
work of  light  scantling,  wheels  of  wood,  and  smaller  axles. 

It  is  reported  that  there  is,  by  the  use  of  the  reversible  car,  a 
saving  of  over  30  per  cent,  in  horse-power;  inasmuch  as  the  car 
can  be  worked  with  a  stud  of  8  horses  as  efficiently  as  the  ordinary 
car  with  12  horses.  Additional  cars  on  the  same  design  have  been 
constructed  for  the  service. 


CHAPTER  VIII. 

BEARING  SPRINGS.— WHEELS.— ROALhAND- 

RAIL   WAGONS, 

Bearing  Springs. 

The  calculations  for  the  depression  of  side-springs,  at  page  365, 
are  but  roughly  approximate,  for  the  rate  of  compression  or  de- 
flection of  such  springs  diminishes  as  the  load  is  increased.  For 
instance,  for  the  barrel-shaped  india-rubber  springs  manufactured 
by  George  Spencer  &  Co.,  for  tramway  cars — 7  inches  high, 
4f  inches  in  diameter  at  the  middle,  and  2|  inches  in  diameter 
at  the  ends — the  deflections,  or  reductions  of  height,  for  given 
vertical  loads  are  as  follows : — 

George  Spencer  &  Co.*s  India-rubber  Springs. 


Load. 

ToUl  height. 

Tons. 

Inches. 

0 

7 

i 

5A 

I 

4A 

«i 

3t 

2 

3t 

Maximam 
diameter. 

Deflection,  or  re- 
duction of  height. 

Inches. 

Inches. 

4| 

0 

4? 

'1 

i{ 

? 

— 

3} 

For  a  similar  spring,  of  the  same  manufacture,  7  inches  high, 
5iV  inches  in  diameter  at  the  middle,  and  3  J  inches  in  diameter  at 
the  ends,  the  deflections  were  as  follows : — 
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Load. 


Tons. 
O 

i 

I 

li 

2 


Total  beiglit. 


Inches. 

7 
4i1r 


[I 


Maximum 
diameter. 


Inches. 

5* 

6ft 


neflectioM,  or 
doctioo  of  height. 


Inches. 
O 

I* 

3ft 


The  deflections  in  the  last  columns  increased  less  nipidly  than 
the  loads,  insomuch  that  the  rates  of  deflection  per  ton  of  load, 
under  increasing  loads,  were  as  follows : — 


Deflection 

per  ton  of  load. 

Load. 

1 

ist  spring. 

snd  spring. 

Tons. 
0 

I 

li 
2 

1 

Inches. 

1 

Inches. 

2:- 

i5 

3 

2j 

Under  a  load  of  5  J  tons  net,  eight  of  these  springs  would  have 
each  to  support  i  ton,  corresponding  to  an  elasticity  measured  by 
about  3f  inches  per  ton  for  the  first  spring,  and  about  2  J  inches 
per  ton  for  the  second  spring.  These  deflections  are  much  greater 
than  those  of  the  North  British  Rubber  Company,  page  365. 

It  appears  from  the  results  of  the  deflections  of  Mr.  Spencer's 
springs  that  the  elasticity  under  a  load  of  2  tons  is  only  about  half 
of  the  elasticity  under  a  load  not  exceeding  half  a  ton.  Also  that 
the  deflection  is  inversely  as  the  cube-root  of  the  quantity  of 
material  in  the  springs.  For,  the  diameters  of  the  springs  are 
respectively  4f  inches  and  5  iV  inches,  of  which  the  squares  are  as 
.  2  to  3,  and  are  as  the  quantities  of  matter  in  the  springs.  Now, 
the  deflections  under  2  tons  of  load,  are  ij  inches  and  ij  inches; 
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and  V  :  V  "  ^3  :  i^z  : :  1*44  :  1-26,  or  as  15  to  13,     That  is 
to  say,  the  cube-roots  of  2  and  3  inversely  are  as  i-f  to  if.' 

Further,  as  the  quantities  of  material  in  the  springs — being  of 
the  same  height — are  as  the  squares  of  the  diameters,  the  deflec- 
tions are  inversely  as  the  cube-roots  of  the  squares  of  the  diameters, 
or  as  the  \  power  of  the  diameter. 

The  quality  of  the  india-nibber  spring,  whereby  the  resistance  to 
compression  increases  more  rapidly  than  the  load,  is  in  ordinary 
conditions  objectionable;  for  it  momentarily  intensifies  the 
resisting  stress  opposed  to  oscillations  of  the  car  fore  and  aft.  It 
contrasts  in  this  respect  disadvantageous^  with  the  ordinary 
laminated  spring,  of  which  the  increase  of  deflection  is  uniform  for 
equal  additions  of  load.  But,  under  the  actual  conditions  of  a 
tramcar,  placed  on  axles  which  are  near  together,  with  consider- 
able overhanging  masses  at  each  end,  the  increasing  rigidity  of  the 
springs  under  increasing  pressure  has  a  powerful  influence  to 
check  the  fore-and-aft  oscillation  of  the  car,  and  to  reduce  the 
extent  of  the  oscillation. 

The  "rubber-centre  spiral  springs,"  manufactured  by  Messrs. 
L.  Sterne  &  Co,,  offer  a  compromise  between  the  uniform  increase 
and  the  accelerated  increase  of  resistance  to  increase  of  load.  A 
pair  of  their  springs  of  the  C  pattern,  suitable  for  tramway  stock, 
is  deflected  1*47  inches  under  a  load  of  1785  tons,  equivalent  to 
*86  inch  per  ton.  The  annexed  table  of  deflections  and  loads, 
based  on  the  results  of  experiments  made  by  Mr.  Kirkaldy, 
exemplify  the  compromise  referred  to,  showing  that  the  increase  of 
rigidity  is  much  less  than  that  of  springs  made  entirely  of  india- 
rubber.  Each  spring  consists  of  a  central  core  of  india-rubber, 
2  inches  in  diameter,  within  a  helical  steel  spring,  3  inches  in 
diameter  outside,  of  A -inch  round  steel,  made  in  8  J  complete 
coils,  to  a  length  of  8  inches : — 


c  c 
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It  may  be  remarked  that  though  the  stiffness  of  die  Sterne 
spring  increases  less  rapidly  than  that  of  the  Spencer  spring,  the 
Sterne  spring  is  on  the  whole  much  stifier  than  the  Spencer 
spring. 

The  composite  spring.  Fig.  257,  is  a  combination  of  a  heUcal 
steel  spring  and  two  indiarubber  cushions  within  the  helix.  The 
helix  is  made  of  ^^-inch  round  steel,  3  inches 
in  diameter  outside.  The  cushions  are  slightly 
apart  until  a  given  load  is  reached,  when  they 
come  into  action  as  auxiliary  springs. 

Cast-iron  wheels,  chilled  at  the  periphery, 
are  extensively  used  for  tramway  cars,  A 
quality  of  charcoal  iron  is  secured  which 
admits  of  crystallisation  and  chill  going  to  a 
remarkable  distance  into  the  grain  of  the 
iron.  In  the  earlier  experience  of  tramways  in 
London,  car-wheels  lasted  fourteen  months, 
performing,  say,  from  32,000  to  25,000  miles 
run.  They  weighed,  when  new,  about  214 
pounds,  and  they  lost  in  weight  from  14  to 
16  pounds  by  wear — ^chiefly  by  the  action  of 
"■'"SpSJ'^mTd!"  »>«  !»"''•  They  failrf  by  Ihe  breaking-off 
rubber  Cushions.        of  the  flanges. 
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Car  Wheels. 
The  three  varieties  of  wheels  of  chilled  cast-iron — Figs.  858 
to  261,  and  Figs.  262  to  2G4 — manufactured  by  Messrs.  Miller  & 
Co.,  Edinbui^h,  are  cylindrical  at  the  Head,  30  inches  in  dia- 
meter, and  have  seven  spokes. 


No.  I,  lig'ht,  for  one-horse  cars 
„  2,  medium,  for  two-horse  cars 
„   3,  heavy,  for  two-horse  cars 


2x^  ins.  wide  at  the  periphery 

2A 


The  flange  stands  -,V  inch  high  on  the  periphery,  and  is  struck 
at  the  summit  with  a  radius  of  A  inch.    The  nave  is  z  inches  in 


Fias.  263  to  164.  Uiller  &  Co.'s  Cor  Wheels.    SecUons  of  rims. 

bore,  4i  inches  deep,  for  No.  i ;  aj  inches  by  4i  inches  for  No,  3  ; 
the  same  for  No.  3.  The  spokes  form  up  the  web  of  the  wheel, 
which  is  it  inch,  iJ  inch,  and  \l  inch  thick.  They  are  aj  inches, 
3^  inches,  and  a^  inches  in  minimum  width,  and  are  fortified  by 
stiffening  ribs  on  the  back,  one  to  each  spoke. 

The  average  depth  of  chill  on  the  periphery  of  the  wheels  of 
Messrs.  Miller  &  Co.  is  j-inch,  which  is  sufficiently  great  to  admit 
of  a  reduction  in  diameter  by  wear  of  from  i  inch  to  i^  inches 
before  the  wheel  is  worn  out:  corresponding,  it  is  stated,  to  a 
mileage-run  of  from  30,000  miles  to  70,000  miles,  dependent  on 
the  working  conditions ;   as  the  state  of  the  rails,  gritty  roads. 
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level  or  hilly  roads,  with  use  of  the  breaks.     A  mileage-run  of  at 

least  50,000  miles  is  frequently  attained  by  Miller  &  Co.'s  wheels. 

The  height  of  the  wheel-flange  where  narrow-grooved  rails  are 

employed  is  commonly  \  inch.   On  some  foreign  tramways  |-inch 


tlangcs  are  used. 

The  steam  tramway  car  and  engine  disc  wheel,  Figs.  265,  266, 
is  a  solid  disc-plate  wheel,  usually  21  inches  or  24  inches  in 
diameter,  with  j-inch  flange. 


Combined  views  of  the  wheel,  axle,  axle-box,  bearing  springs,  and 
guides,  as  constructed  by  Messrs,  Miller  &  Co.,  are  given  in, 
Figs.  367,  268.  The  class  of  axle-box  has  already  been  described 
in  page  363,  In  the  present  instance  the  journal  is  z\  inches  in 
diameter,  with  a  bearing  si  inches  long,  or  twice  the  diameter. 
A  pair  of  steel  thrust- plates,  having  a  limited  horizontal  elastic 
action,  is  inserted  in  the  axle-box,  between  the  end  of  the  axle  and 
the  front  of  the  axle-box.  The  vertical  bearing  stress  is  taken  up 
by  a  pair  of  helical  springs  of  A-inch  round  steel,  j|  inches  in 
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diameter  externally,  and  7  inches  high.  An  axle-box  and  guard, 
similar  to  those  here  shown  in  Figs.  267 ,  z68,  are  shown  in  perspec- 
tive in  Figs.  269  and  370,  of  toughened  iron.  The  axle  is  a  J  in,  in 
diameter  in  the  wheels,  and  aj  in.  in  diameter  between  the  backs. 
The  Handyside  wheel,  Fig,  271,  which  has  been  employed 


FlO.  269,  AKle-guaTd. 


Fig.  a 


on  railway  rolling  stock,  is  suitable  for  tramway  stock.  It 
is  made  in  three  parts — the  tyre,  the  nave,  or  boss,  and  a  pair 
of  discs  uniting  the  nave  and  the  tyre.  The  tyre  is  of  steel,  or 
of  chilled  cast  iron ;  the  nave  is  of  wrought  iron,  or  of  steel,  with 
four  radial  arms.    The  discs  are  of  cast  steel,  and  are  dished  and 
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turned  inwardsattheinnerand 
outer  circumferences.  When 
put  together,  the  edges  of  the 
d  iscs  embrace  the  tyre  and  the 
navebycorrespondingflanges 
or  lips,  whilst  at  the  middle, 
or  half-radius  of  the  discs, 
they  dose  upon,  but  do  not 
touch,  the  ends  of  the  four 
aims.  The  discs  are  bolted 
together  between  two  ring- 
washers  at  the  bottom  of  the 
hollow,  equally  all  round  the 
nave ;  and  as  they  do  not 
touch  each  other,  they  are 
placed  in  a  condition  of  elastic 
tension,  at  the  same  time  that 
they  firmly  hold  the  tyre  and 
the  nave  in  position.  The 
wheel  has  been  well  tested  on 
the  Caledonian  Railway. 

ROAD-AND-RAIL  WaCONS 

WITH  Flanceless  Whbels. 
Wagons  used  on  the  line 
can  be  adapted  for  use  on 
the  ordinary  public  road,  so 
obviating  transhipment,  load- 
ing goods  at  the  wharves, 
drawing  them  to  the  line  by 
horses,  and  delivering  them 
at  any  part  of  the  mill  pre- 
mises. This  system  was 
originally  suggested,  in  1880, 
by  Mr.  Alfred  Holt,  and  was 
worked  out  by   Mr.  Henry 
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Barcroft  for  the  Bessbrook  and  Newry  Tramway.  The  wheels 
of  the  wagons,  Figs.  272  and  273,  are  without  flanges,  with  tyres 
2}  inches  wide,  for  running  on  common  roads.  The  tram  rails  axe 
of  steel,  41I  lbs.  per  yard,  and  outside  these  second  rails,  33}  lbs. 
per  yard,  are  laid  at  a  level  f  inch  below  that  of  the  way,  on  which 


Fio.  276.    Road-and-Kail  Wheel  Tramway  WagoDS : 

End  elevation. 


the  plain  wheels  run,  the  ordinary  rails  forming  the  inside  guard. 
The  wheels  are  loose  on  the  axles,  and  these  work  loose  on 
journals.  The  wagon  is  supported  on  a  fore  carriage  with  a 
central  coupling,  which  engages  in  a  jaw  in  the  fore  carriage,  to 
guide  it  when  not  pinned.  Shafts  are  attached  to  the  fore  carriage 
when  the  wagon  is  to  be  used  on  ordinary  roads.    The  wagon 
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weighs,  without  the  shafts,  23J  cwt.,  and  is  constructed  to  cany 
2  tons. 

Flangeless  wheels  have  been  employed  in  another  way,  Figs. 
274  to  276,  on  some  of  the  road  tramways  in  Staffordshire,  on 
Mr.  Dickinson's  system,  in  which  both  road-wheels  and  rail-wheels 
are  employed.  When  the  road-wheels  are  lifted,  the  rail-wheels 
are  lowered  on  to  the  rails ;  and  conversely,  when  the  rail-wheels 
are  lifted,  the  road-wheels  are  lowered  on  to  the  road. 


CHAPTER  IX. 

RESISTANCE  TO  TRACTION  ON  TRAMWAYS. 

The  first  and  leading  datum  which  rules  the  employment  of 
mechanical  power,  is  the  resistance  to  traction  on  the  tramway. 
On  a  railway,  the  resistance,  under  the  most  favourable  conditions, 
may  be  as  low  as  6  lbs.  per  ton."^  But,  so  low  a  resistance  as 
6  lbs.  per  ton  is  not  to  be  hoped  for  on  tramways,  which,  besides 
the  difficulty  of  the  groove  in  th^  rail,  are  exposed  to  the  incidents 
^  of  mud,  stone,  and  dirt,  and  are  made  with  many  and  quick  curves. 
On  a  straight  line  of  grooved  rails,  in  fair  order,  the  frictional 
resistance  of  a  tramcar  was  found  by  Mr.  Henry  P.  Holt  to  vary 
from  a  minimum  of  15  lbs.  per  ton  of  the  gross  weight  of  the  car, 
upwards,  according  to  the  weather  and  the  state  of  the  way,  Xo 
more  than  40  lbs.  per  ton  : — indicative,  certainly,  of  a  bad  order 
of  conditions  in  this  particular  case. 

His  experiments  were  conducted  on  the  Headingley  line  of  tram- 
way, at  Leeds.  It  was  laid,  to  a  gauge  of  4  feet  8i  inches,  with 
a  flat-grooved  rail,  on  longitudinal  and  transverse  sleepers,  in 
concrete.  A  trial  for  the  purpose  of  testing  the  resistance  of  a. 
passengercar.  No.  21,  by  means  of  a  dynamometer,  was  made  on 
the  5th  May,  1876.  The  barometer  stood  at  297  inches,  and  the 
thermometer  at  53°  Fahr.  The  day  was  dry,  the  way  was  in 
average  condition,  and  the  wind  was  north-west,  slight  The- 
direction  of  the  way  was  for  the  most  part  due  south,  having  twa 
curves  in  it  The  length  of  the  line  traversed  was  1,645  yards,, 
having  a  net  rise  of  115   feet,  making   an  average  ascending 

•  Railway  Machinery^  by  D.  K.  Clark,  1855  J  P^S^®  297. 
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gradient  of  i  in  43.  The  car  was  an  ordinary  four-wheel  car, 
weighing  47^  cwts. ;  and  it  was  loaded  with  45  passengers.  The 
wheels  were  30  inches  in  diameter,  5^  feet  apart  between  centres. 
The  journals  were  2  J  inches  in  diameter.  A  section  of  the  tyre 
of  one  of  the  car-wheels,  and  of  the  rail,  as  worn,  is  shown  in 
Fig.  277.  The  load  of  passengers,  allowing  14  to  the  ton,  weighed 
3*2  tons;  making  with  the  weight  of  the  car,  2*37  tons,  a  gross 
load  of  5*57  tons.  The  car  was  drawn  by  three  horses  over  the 
greater  part  of  the  way;  and,  for  a  short  distance,  on  an  incline  of 
I  in  19,  by  four  horses ;  at  an  average  speed  of  6  miles  per  hour. 
Two  intermediate  stoppages  were  made  on  the  way.  The  average 
tractive  force  exerted  over  the  whole  length,  deduced  from  Mr. 
Holt's  continuous  diagram  of  force,  was  22*44  lbs.  per  ton  of  the 
gross  load. 


Fig.  277.    Section  of  Tyre  of  Trial  Car,  and  of  Rail,  Leeds. 

Mr.  Henry  Hughes  deduced  from  some  experiments  a  tractive 
resistance  of  about  26  lbs.  per  ton ;  often  much  more,  occasionally 
less.  Such  high  resistances  as  these  are  readily  explained,  when 
it  is  considered  that  the  flanges  of  the  wheels  frequently  take  a  bear- 
ing on  the  floors  of  the  grooves,  or  on  the  dirt  embedded  therein,  at 
the  same  time  that  the  wheels  roll  on  the  surface  of  the  rail ;  for 
thus  the  wheel  rolls  on  two  different  radii  simultaneously,  and 
grindmg  resistance  is  excited.  Again,  whilst  the  wheel  at  one  end 
of  an  axle  may  be  running  on  the  proper  bearing  surface  only,  the 
wheel  at  the  other  end  may  be  running  on  the  flange,  causing  the 
car  to  swerve  and  grind  laterally  against  the  rails.  Again,  the 
rails  may  be  out  of  gauge,  or  out  of  level,  or  weak  and  springy. 
Lastly,  the  grooves  may  be  so  clogged  with  detritus  that  all  the 
wheels  may  be  running  on  their  flanges  only ;  and,  besides  the 
illegitimate  resistance  due  to  traction  on  a  mud  surface,  there  is 
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the  extra  resistance  due  to  the  wedging  of  the  flanges  in  the  dirt. 
Car-drivers  know  the  value  of  a  clear  ijjroove : — one  may  tell  you 
that  the  car  requires  a  horse  more  power  to  draw  it  over  clogged 
rails ;  another  will  tell  you  that  it  is  equivalent  to  some  hundred- 
weights more  load,  or  a  ton  or  two  more,  according  to  the  clear- 
ness of  his  perceptions.  The  horse  would  be  the  best  witness,  if 
he  could  speak  his  mind,  but,  failing  his  verbal  evidence,  the 
dynamometer  must  be  consulted. 

It  was  directly  proved  by  experiments  made  by  M.  Tresca,  on 
the  tractional  resistance  of  a  tramway  car,  that  the  groove  in  the  rail 
was  the  direct  cause  of  a  large  portion  of  the  resistance  to  traction. 
The  car,  having  four  flanged  wheels,  with  its  load,  was  drawn  over 
a  portion  of  the  Paris  and  Versailles  Tramway,  laid  in  macadam, 
when  the  tractional  resistance  amounted  to  i-iooth  part  of  the 
gross  weight,  or  22*40  lbs.  per  ton.  This  quantity  is  precisely  the 
same  as  that  which  Mr.  Holt  deduced  from  his  trials.  Subse- 
quently, two  of  the  flanged  wheels,  both  on  one  side  of  the  car, 
were  removed  and  replaced  by  flat-tyred  wheels,  by  M.  Delon- 
chant,  the  engineer  of  the  tramway;  and  in  July,  i860,  M.  Tresca 
repeated  the  experiment  with  the  half-flanged  car : — 

Tons. 

Weight  of  47  passengers,  @  143  lbs.  .    3'00 

Weight  of  wheels 0*4 1 

Weight  of  the  car 2 '26 


Gross  weight        .        .        .5*67 

The  length  of  line  traversed  was  a  third  of  a  mile,  on  a  level ; 
and  the  tractive  force,  at  a  uniform  speed  of  7^  miles  per  hour, 
amounted  to  about  86  lbs.,  equivalent  to  i-i47th  part  of  the  gross 
weight,  or  to  15  J  lbs.  per  ton.  Thus,  the  removal  of  two  flanges 
was  accompanied  by  a  reduction  of  the  tractive  resistance  by  one- 
third.  M.  Delonchant,  encouraged  by  the  results  of  his  experi- 
ence, removed  another  flanged  wheel,  running  the  cars  with  only 
one  flanged  wheel,  and  three  flat-tyred  wheels.  The  result, 
according  to  M.  Goschler,  was  that  the  resistance  was  reduced  one 
half  as  compared  with  the  original  car  with  four  flanged  wheels.  In 
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this  proportion,  the  tractional  resistance  must  have  been  reduced 
to  about  i-2ooth  part  of  the  gross  weight,  or  to  about  11  lbs. 
per  ton. 

The  Vignoles  rail,  employed  in  the  tramways  of  Moscow,  incurs 
one-half  less  resistance  to  traction  than  the  ordinary  grooved  rail, 
according  to  the  report  of  the  engineer.  Colonel  de  Sytenko.  The 
comparatively  small  tractional  resistance  of  the  Vignoles  rail  is 
clearly  due  to  the  absence  of  a  narrow  groove,  but  it  has  the 
objection  of  breaking  the  continuity  of  the  pavement 

The  resistance  to  traction  at  low  speeds,  increases,  of  course, 
with  the  speed,  though  slowly.  On  ordinary  railways,  under 
ordinary  conditions  of  curvature  and  of  maintenance,  the  resis- 
tance of  engines  and  trains  taken  together,  as  deduced  experi- 
mentally by  the  author,  may  be  taken  as  follows : —  * 

12  lbs.  per  ton,  at  a  speed  of  i  mile  per  hour. 

13  lbs.  „  „  10 

14  lbs.  ,,  ,,  15 
154  lbs.           ,,            ,,            20 


it 


Here  it  appears  that  the  resistance  increases  only  by  2  J  lbs.  per 
ton,  when  the  speed  is  raised  from  10  miles  per  hour  to  20  miles 
per  hour.  It  may  be  assumed  that,  on  tramways,  the  speed  will 
not  exceed  15  miles,  even  when  mechanical  motive  power  is  em- 
ployed, and  within  such  a  limit  the  variations  of  tractive  force 
with  the  speed  are  not  worth  serious  consideration. 

Considering  that  the  experiment  by  M.  Tresca,  from  which  a 
resistance  of  22*4  lbs.  per  ton  was  deduced,  was  made  on  a  Hne  of 
tramway  laid  in  macadam,  it  may  be  inferred  that  the  resistance 
on  a  straight  line  of  tramway,  made  with  grooved  rails,  well 
maintained  in  granite  pavement,  would  not,  under  similar  condi- 
tions, have  exceeded  20  lbs.  per  ton. 

Mr.  Edward  Woods,  also,  estimated  the  resistance  of  a  tram- 
car  on  a  level,  and,  it  is  presumed,  a  straight  line,  at  20  lbs.  per        v 
ton. 

In  view  of  the  foregoing  observations,  it  may  be  concluded  that, 

•  Railway  Machinery^  1855  ;  page  310. 
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for  purposes  of  estimation,  the  resistance  of  engines  and  cars  on 
grooved-rail  tramways,  level,  straight,  and  well  maintained,  is 
20  lbs.  per  ton;  and  that  on  a  line  in  average  condition,  with 
curves,  it  may  occasionally  amount  to  40  lbs.  per  ton.  An  average 
of  30  lbs.  per  ton  may  be  taken  as  a  datum  for  the  calculation  of 
the  ordinary  tractive  force  to  be  provided  for.  These  data  coin- 
cide with  the  conclusions  of  Messrs.  Merryweather  &  Sons  from 
their  experience  with  tramway  locomotives  and  cars. 

The  force  required  to  start  a  tram-car,  to  get  up  the  speed,  is 
necessarily  greater  than  the  force  required  to  maintain  the  speed 
uniformly.  It  is  a  variable  quantity,  for  it  may  be  anything  that 
horses  may  choose  to  exert,  or  that  engine-drivers  may  apply.  Mr. 
John  Phillips  found  by  experiment  that  in  starting  a  car  by  two 
I  horses,  an  initial  tractive  force  of  from  500  lbs.  to  600  lbs.  was 
exerted  on  the  car: — equivalent,  for  a  gross  weight  of  5  Ions,  to 
from  100  lbs.  to  120  lbs.  per  ton. 

Mr.  Holt  found  that  the  momentary  initial  force  exerted  by  the 
horses  in  starting  the  load  from  a  state  of  rest,  was  in  three 
instances  as  follows  : — in  starting  down  an  incline  of  1  in  79,  it 
was  450  lbs. ;  in  starting  up  an  incline  of  i  in  62,  it  was 
1,100  lbs. ;  and  up  an  incline  of  i  in  50,  it  was  975  lbs.  Allowing 
for  the  force  of  gravity,  the  net  initial  efforts  to  start  the  car  were 
606  lbs.,  900  lbs.,  725  lbs.  respectively;  being  at  the  rate  of 
no  lbs.,  160  lbs.,  131  lbs.,  respectively,  per  ton.  These  results 
accord  with  those  which  were  found  by  Mr.  John  Phillips. 

In  order  to  obviate  the  straining,  spavining,  and  weakness  of 
back,  to  which  horses  are  subject,  caused  by  the  effort  of  starting 
heavy  cars,  Mr.  Henry  P.  Holt  designed  a  tramcar  starting  gear, 
patented  in  May,  1879,  illustrated  by  Figs.  278  and  279.  A  lever, 
to  the  upper  end  of  which  the  horse  is  harnessed,  is  arranged  verti- 
cally at  each  end  of  the  car,  pivoted  at  the  lower  end  to  a  bracket 
fixed  to  the  frame,  and  carrying  a  quadrant  fixed  to  it  about  half- 
way up,  corresponding  to,  and  connected  by  a  chain  with,  another 
quadrant  formed  as  a  cam,  slung  on  the  hind  axle  of  the  car  (see 
Fig.  280).  Enclosed  within  the  quadrant,  which  is  hollow,  a 
ratchet-wheel  is  keyed  fast  on  the  axle,  into  which  a  pawl  pivoted 
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in  the  quadrant  engages,  when  the  pull  of  the  horse  is  applied 
through  the  chain  to  the  quadrant  The  pull  of  the  horse  at  start- 
ing is  thus  transmitted  to  the  axle,  and  causes  it  to  revolve.  As 
the  cam  is  upright  at  the  instant  of  starting,  it  exercises  a  degree 
of  leverage  on  the  axle,  by  which  the  pull  of  the  horse  and  the 
tractive  force  are  multiplied.  The  pawl  is  released  clear  of  the 
ratchet-wheel,  after  the  car  has  been  started,  by  means  of  a  rod 
running  through  friction-discs  contained  in  a  fixed  box.  By  these 
means,  it  is  arranged  that,  at  first  starting,  the  horse  travels  at 
twice  the  forward  speed  of  the  car.  The  lever  is  controlled  by 
springs,  by  which  it  is  retained  in  a  vertical  position,  or  at  right 

angles  to  the  platform  when  there  is 
no  tractive  pulL  When  the  pull  is 
applied  to  the  lever,  the  springs 
through  which  the  pull  is  communi- 
cated to  the  car,  yield  in  proportion 
to  the  pull,  and  in  so  doing  fall  for- 
ward, and  to  a  lower  level,  thereby 
augmenting  the  angle  of  the  traces, 
and  the  downward  stress  on  the  horse, 
and  so  improving  the  foothold. 

FIG.  280.  ~Holfs  Starting  ^^^  ^^  ^"^^^^^^^  momentary  puU  of 

Gear— Cam  Quadrant.  Scale  i.    975  Ibs.,  in  Starting  on  an  incline  of 

I  in  50,  a  substituted  steady  pull — 550 
lbs. — is  brought  to  bear  by  the  instrumentality  of  the  starting  gear. 
Mr.  Holt  deduced  as  means  of  several  experimental  results,  that 
the  force  exerted  in  starting  a  tramcar,  weighing  in  all  5  tons,  on 
a  level,  without  starting  gear,  is  470  lbs.,  or  94  lbs.  per  ton ;  and 
with  it,  213  lbs.,  or  43  lbs.  per  ton.  Ascending  an  incline  of  i  in 
12,  the  forces  are  respectively  1,400  lbs.  and  636  lbs. 

The  weight  of  two  sets  of  starting  gear  for  one  car  is  135  lbs. ; 
the  price  is  ;;^i8.  Mr.  Holt  estimated  that  the  working  life  of  the 
tramway  horse  would  be  extended  half  a  year  by  the  employment 
of  the  starting  gear.  Thus  the  life  which  is  usually  4  J  years,  would 
be  extended  to  5  years,  equal  to  that  of  an  omnibus  horse. 

Mr.  E.  Perrett  experimented  with  a  passenger-car,  for  24  pas- 
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sengers,  weighing  34  cwt,  on  four  wheels  5  J  feet  apart  between 
centres,  on  the  Nottingham  tramways.  The  force,  by  dynamo- 
meter, required  to  start  the  car,  and  the  force  required  to  keep  it 
moving,  under  different  circumstances,  were  as  follows  : — 


Grooves. 


Clear 
Very  dirty 

■ 
• 

Moderately  dirty 

Do. 

do. 

Do. 

do. 

Do. 

do. 

Do. 

do. 

Do. 

do. 

Line. 


Straight  and  level 

Do.  do. 

Do.    up  gradient 
T  in  130 

Do.  down  do.  do. 
Curve,  45  feet  radius 
up  gradient  i  in  130 
Down  do.  do. 
Curve,  22  feet  radius 
up  gradient  i  in  130 
Down      do.      do. 


To  start. 


Per  ton 

SO  lbs 

66 


106 

86 
62 

95 


To  kuep^ 
moving. 


Per  ton. 

25  lbs. 

66    „ 

34   I' 

72  II 
50  II 

94   M 
65    .1 


From  this  statement  it  appears  that  on  a  straight  line  the  start- 
ing force  varied  from  50  lbs.  to  80  lbs.  per  ton,  according  to  the 
state  of  the  rails — being  less  than  those  already  mentioned.  But 
it  is  probable  that  in  this,  as  a  private  experiment,  the  starting  was 
more  gently  effected  than  in  the  other  instances.  On  the  straight 
Une,  with  clear  grooves,  the  running  resistance  was  25  lbs.  per  ton ; 
and  this  was  doubled,  or  increased  to  50  lbs.  per  ton,  when  the 
grooves  were  very  dirty ;  or  even  when  they  were  but  moderately 
dirty,  if  the  mean  of  the  upward  and  downward  pulls  on  the  incline 
I  in  130  be  taken.  Under  the  same  condition,  of  moderately 
dirty  grooves,  the  effect  of  a  curve  of  45  feet  radius,  averaged  from 
the  upward  and  downward  pulls,  was  to  raise  the  resistance  from 
50  lbs.  per  ton  to  61  lbs.  per  ton ;  and  that  of  a  curve  of  22  feet 
radius,  raised  it  to  80  lbs.  per  ton.  If  25  lbs.  be  deducted  from 
each  of  the  last  three  values,  for  the  effect  of  dirt  in  the  grooves, 
there  remain  25  lbs.,  36  lbs.,  and  55  lbs.  per  ton  as  the  relative 
resistances  with  clear  grooves,  on  a  straight  line,  a  curve  of  45  feet 
radius,  and  a  curve  of  22  feet  radius ;  showing  that  the  resistance 
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on  a  22-feet  curve  is  more  than  twice  the  resistance  on  a  straight 
line.     (For  resistance  of  steam-car,  see  page  481.) 

Mr.  A.  W.  Wright*  tested  the  tractional  resistance  of  a  car  on 
the  North  Chicago  City  Railway — a  tramway  laid  with  step-rails, 
which  are  grooveless,  like  the  Philadelphia  rail  (page  9). 
The  car,  with  passengers,  weighed  3  tons,  and  required  an 
average  force  of  109 J  lbs.  to  draw  it  at  a  speed  of  five  miles  per 
hour,  including  stoppages,  or  36J  lbs.  per  ton,  over  old  worn-out 
iron  rails.  On  new  steel  rails,  the  traction  force  averaged  17  lbs. 
per  ton.  To  start  the  car,  a  force  of  148  lbs.  per  ton  was  exerted 
on  the  old  rail,  and  128  lbs.  per  ton  on  the  new  rail. 

In  view  of  the  foregoing  results,  though  based  on  scanty  data, 
and  the  results  of  Mr.  Holt's  trials,  with  other  data  already  given, 
the  average  resistance — 30  lbs.  per  ton — already  adopted  for 
calculation,  may  be  retained ;  although  an  occasional  maximum 
of  60  lbs.  per  ton  may  be  reached,  and,  on  the  contrary,  a 
minimum  of,  say,  15  lbs.  per  ton,  when  the  rails  are  wet  and 
clean,  straight  and  new. 

The  great  degree  of  extra  resistance  due  to  the  clogging  of  the 
grooves  in  the  rails,  compared  with  the  resistance  for  dear  grooves, 
has  been  referred  to.  These  observations  are  corroborated 
by  the  experience  of  steam-power  as  well  as  of  horse-power. 
Mr.  J.  Arthur  Wright  states  that,  on  a  dusty  day,  on  the  steam- 
lines  of  the  Rouen  Tramways,  when,  despite  every  effort  to  keep 
the  rails  clear,  the  grooves  become  filled  with  dust  and  dirt,  the 
engines  consume  about  2^  lbs.  of  coke  per  mile  more  than  they 
do  under  more  favourable  circumstances — when  the  consumption 
averages  about  12  lbs.  per  mile.  The  excess  is  nearly  20  per 
cent. 

On  this  question  of  special  tractional  resistance,  Mr.  H.  Conradi 
made  some  observations  on  the  reduction  of  resistance  due  to  the 
employment  of  his  rail  cleaner.f    The  gross  resistance  of  each 

•  See  his  Paper  on  "The  Best  Pavement  for  Horse  Railroad 
Tracks,"  in  the  American  Engineer^  June,  1881,  page  103. 

t  See  Mr.  Conradi's  paper  On  the  Cleaning  of  Tramway  and 
other  Rails y  read  before  the  Society  of  Engineers,  April  10,  1893. 
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car  at  starting  on  muddy  and  dirty  lines,  straight  and  level,  was 
from  80  lbs.  to  90  lbs.  After  the  starting  the  resistance  settled 
down  to  from  60  lbs.  to  70  lbs.  On  curves  and  passing  places,  of 
from  25  feet  to  30  feet  radius,  the  resistance  was  from  75  lbs.  to 
85  lbs.  On  very  steep  gradients  and  curves  of  this  radius  the 
resistance  varied  from  90  lbs.  to  100  lbs.  These  trials  were  made 
with  a  car  weighing  about  i^  tons,  carrying  a  varying  load  of  12, 
19,  and  22  passengers  during  the  trial  run,  making  an  average 
total  weight  of  above  3  tons. 

To  determine  the  tractional  resistance  of  cars  on  rails  cleaned 
by  his  apparatus,  Mr.  Conradi  fitted  it  to  two  cars  in  ordinary 
condition  and  in  ordinary  service.  The  first  car  was  started  with 
the  cleaner  lowered  and  in  action  on  the  rails.  Ten  minutes 
later,  the  second  car  followed  with  a  varying  load  of  passengers  up 
to  2t  in  number,  also  having  the  cleaner  in  action.  This  car 
started  with  an  initial  resistance  of  from  50  lbs.  to  60  lbs.  on  the 
straight  and  level,  and  a  running  resistance  of  from  35  lbs.  to 
45  lbs. ;  on  curves  and  at  passing  places,  on  the  level,  from  50  lbs. 
to  60  lbs. ;  on  curves  on  steep  gradients  from  70  lbs.  to  80  lbs. 

It  thus  appeared  that,  on  rails  previously  cleaned  by  the  first 
car,  the  tractional  resistance  of  the  second  car,  including  that  of 
the  cleaner,  was  less  by  from  25  lbs.  to  35  lbs. 

Assuming  the  average  gross  weight  of  the  second  car  with  pas- 
sengers to  have  been  3  tons,  the  tractive  resistances  were  as 
follows : — 

Muddy  and  dirty,  straight  and  level  line,  on 
starting 27  to  30  lbs.  per  ton 

Muddy  and  dirty,  straight  and  level  line,  run- 
ning        20  ,,  23   ,, 

Same  line,  straight  and  level ;  car  fitted  with 
Mr.  Conradi's  cleaner  in  action     .        »        .     12  ,,  15    ,,        ,, 

The  mean  running  resistance  with  the  rail-cleaner  in  action  is 
thus  shown  to  be  only  63  per  cent,  or  less  than  two-thirds  of  the 
resistance  under  ordinary  conditions. 

Experiments  were  made,  in  1890,  on  the  Modling   (Vienna) 
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Electric  Railway,  to  ascertain  the  resistance  in  sharp  curves,  by 
means  of  a  dynamometer  placed  between  the  two  cars  composing 
the  train.  The  way  consisted  partly  of  grooved  or  tramway  rails, 
and  partly  of  Vignoles  rails  as  used  for  ordinary  railways.  On  a 
gradient  of  I  "50  per  cent  or  i  in  66-6,  with  curves  of  loo  feet 
radius,  and  at  a  speed  of  93  miles  per  hour,  the  resistance  (irre- 
spective of  that  due  to  the  gradient)  was  from  17  "6  lbs.  to  22  lbs. 
per  ton,  averaging  19*8  lbs.  of  train  weight  on  the  Vignoles 
section,  and  26*4  lbs.  on  the  grooved  section,  and  showing  that  the 
mean  resistance  on  the  Vignoles  section  was  6*6  lbs.  f)er  ton,  or 
25  per  cent,  less  than  on  the  grooved  section. 


PART  V. 
MECHANICAL   POWER  ON  TRAMWAYS. 


CHAPTER  T. 

HISTORICAL   NOTICE   OF  THE  APPLICATION  OF 
STEAM  POWER  ON  TRAMWAYS. 

Latta. — Grice  and  Long. — Train. 

The  first  application  of  steam  for  propelling  tramway- cars,  accord- 
ing to  Mr.  Cramp, '^  appears  to  have  been  made  on  the  Cincinnati 
TramAvay,  in  1859,  ^7  M^-  A-  ^-  Latta,  who  constructed  a  steam- 
car  in  which,  it  is  said,  eighty  persons  had  been  conveyed.  The 
second  application  was  made  by  Messrs.  Grice  and  Long,  of 
Philadelphia,  who  constructed  a  long  car  on  two  four-wheel  trucks 
or  bogies — one  under  each  end  of  the  car.  To  one  of  the  trucks 
steam-power  was  applied  by  means  of  toothed  gear.  In  i860,  five 
or  six  steam-cars  were  in  use  in  the  United  States,  in  which  the 
engine  and  boiler  were  placed  within  the  car,  the  whole  being 
carried  on  two  bogie  trucks.  Mr.  G.  F.  Train,  in  i860,  patented 
a  steam-car,  on  a  Bissell-truck  at  one  end,  and  a  pair  of  wheels  at 
the  other  end,  driven  by  a  double-cylinder  steam-engine  with  a 
vertical  boiler,  with  intervening  spur-gearing, 

•  *•  Tramway  Rolling  Stock,**  by  Mr.  C.  C.  Cramp :  Transactions 
oft?ie  Society  of  Engineers^  1874,  page  124. 
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Todd. 

Mr.  Leonard  J.  Todd,  of  Leith,  it  appears,  was  the  first  steam- 
locomotist  who,  in  187 1,  designed  an  engine  for  tramways,  specially 
adapted  for  passing  through  common  roads  and  streets,  avoiding 
noise,  smoke,  and  steam,  and  possessing  great  facilities  for  starting 
and  for  stopping  quickly.  He  insisted  on  the  advantage  of  accu- 
mulating power,  for  which  purpose  he  used  a  boiler  of  great  capa- 
city, holding  a  large  quantity  of  water,  with  a  very  small  fire-grate. 
"In  the  case  of  a  small  generator,"  he  says,*  "the  only  reliable 
way  of  making  a  furnace-boiler  which  can  take  care  of  itself  for  a 
considerable  time  is  simply  to  give  it  a  greater  water-capacity  and 
water-area.  This  water,  in  the  most  perfect  and  natural  manner 
possible,  acts  the  part  of  a  heat-accumulator,  as,  during  a  long 
time,  it  goes  on  storing  up  heat  within  itself,  and  but  very  slowly 
raising  the  pressure-gauge ;  and,  again,  during  a  lengthened  period 
it  gives  off  heat  from  its  store,  while  yet  only  slowly  reducing  the 
pressure  and  the  water-level.  Now,  this  invaluable  action  of 
water  within  a  boiler  is  not  carried  to  any  great  extent  in  ordinary 
locomotives,  as  there  is,  in  them,  no  particular  use  for  it, 
although,  on  undulating  lines,  it  is  well  known  to  be  of  great 
importance  that  a  boiler  should  contain  a  large  amount  of  water. 

"  Now  locomotive  boilers  contain  5  cubic  feet  of  water,  and 
3  square  feet  of  water-area  for  each  square  foot  of  grate,  and  never 
require  attention  oftener  than,  nor,  indeed,  so  often  as,  every  ten 
minutes.  It  is  evident,  then,  that  if  we  give  six  times  as  much 
water-capacity  and  water-area,  while  still  keeping  the  same  size  of 
grate,  as  far  as  safety  goes,  we  need  only  attend  to  the  boiler  once 
in  sixty,  instead  of  ten,  minutes."  ..."  The  power  required  to 
propel  a  forty-four-seat  car,  including  the  weight  of  the  propelling 
mechanism,  with  this  large  quantity  of  water,  will  not,  on  level 
lines,  exceed  ten  indicator  horse-power,  although  more  than  this 
will  be  required  to  work  heavy  roads.  Then,  small  boilers  and 
engines  will  give  ten  horse-power  for  each  foot  of  grate ;  but  we 
had  better  allow  the  grate  of  the  car  boiler  to  contain  \\  square 

*  The  Engineer,  July  24,  1874 ;  page  66. 
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feet;  and  with  30  cubic  feet  of  water  and  18  square  feet  of  water- 
area — both  six  times  the  ordinary  locomotive  allowance — we  get 
45  cubic  feet  as  the  water  capacity,  and  27  square  feet  as  the  area  at 
the  water-level.  The  furnace  should  be  of  considerable  depth,  not 
less  than  2  feet  below  the  fire-doorway ;  so  that,  before  commenc- 
ing a  run,  it  could  be  filled  with  fuel,  and  then  left  to  sink  down 
as  it  bums  away." 

Mr.  Todd  constructed  a  steam  locomotive  capable  of  drawing 
two  passenger  cars,  with  a  total  of  76  seats,  for  the  Tram  Vii  de 
Santander,  shown  in  Fig.  281.  The  boiler  was  of  the  locomotive 
form,  having  3^  square  feet  of  area  of  grate,  and  160  square  feet 
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Fig.  281.     Steam-locomotive,  by  Mr.  L.  J.  Todd,  187 1.     Scale  |,V- 


of  heating  surface,  including  that  of  the  tubes.  The  cylinders 
were  6i  inches  in  diameter,  with  a  stroke  of  9  inches,  and 
made  150  revolutions  of  the  crank-shaft  when  the  speed  was  10 
miles  per  hour.  The  driving-wheels  were  5J  feet  in  diameter, 
formed  with  a  disc  of  wood.  There  was  a  bogie-truck  in 
firont,  having  21 -inch  wheels  at  3  feet  between  the  axles.  The 
fixed  wheel-base,  between  the  driving-axle  and  the  centre  of 
the  truck,  was  5  feet  3  inches.  The  motion  of  the  crank-shaft  was 
communicated  to  the  driving-wheels  by  a  pair  of  spur-wheels. 
The  draught  of  air  to  the  furnace  was  supplied  firom  a  1 2 -inch  fan > 
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driven  by  the  exhaust  steam  of  the  engine,  which  struck  the  buckets 
of  a  bucket-wheel  on  the  axle  of  the  fan.  The  steam  passed  thence 
into  the  water  tank,  where  condensation  water  might  be  deposited, 
whilst  the  uncondensed  steam  escaped  into  the  chimney.  With  a 
pressure  of  steam  in  the  boiler  of  150  lbs.  per  square  inch,  the 
engine  could  exert  20  effective  horse-power.  The  weight  in  work- 
ing order  was  5  tons.  The  extreme  length  was  14  feet  10  inches, 
and  the  width  over  all  was  6  feet  6  inches.  The  chimney  was 
14  feet  5  inches  high  above  the  rails,  to  clear  the  awning  above 
the  cars. 

Mr.  L.  J.  Todd,  early  in  1875,  constructed  a  fireless  steam- 
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Figs.  282,  283.     Fireless  Steam-car,  Mr.  L.  J.  Todd,  1875. 

Scale  about  i,V- 


car,  Figs.  282,  283,  in  which  the  reservoirs  and  the  machinery 
were  placed  beneath  the  floor  of  the  car.  There  were  two  reser- 
voirs, having  the  form  of  boilers,  with  domes ;  each  reservoir  con- 
taining 30  cubic  feet  of  heated  water,  or  a  total  of  60  cubic  feet 
The  reservoirs  were  well  coated  with  non-conducting  material. 
The  cylinders  were  9  inches  in  diameter,  with  8  inches  of  stroke, 
connected  direct  to  one  pair  of  the  wheels.  There  were  two  pairs 
of  24-inch  wheels,  coupled,  for  adhesion,  at  a  distance  of  4  feet 
6  inches  apart  between  the  axles.  The  cylinders  are  surrounded 
by  large  jackets  open  to  the  heated  water,  in  which  they  are  im- 
mersed ;  and  are  thus  maintained  at  the  maximum  temperature  in 
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the  reservoir.  By  this  means  a  better  action  of  the  steam  in  the 
cylinder  was  expected  to  be  effected,  and  the  steam  was  super- 
heated to  some  extent  before  it  was  exhausted.  There  was  no 
other  provision  for  rendering  invisible  the  exhaust-steam,  which 
simply  emerged  at  the  end  of  the  car,  under  the  roof.  The  body 
of  the  car  was  14  feet  long,  and  7  feet  wide  over  all;  the  extreme 
length  over  the  buflfers  was  22  feet  6  inches.  Two  lines  of  seats 
were  fixed  o'n  the  roof;  the  weight  of  the  car,  in  working  order, 
was  6^  tons. 

Lamm. 
Dr.  Emile  Lamm  experimented  for  some  time,  in  187 1,  with'an 
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Fig.  284.     Ammoniacal-gas  Car,  by  Dr.  Lamm,  187 1.    Scale  about  ^^. 


ammoniacal-gas  car,  Fig.  284,  in  New  Orleans.  He  placed  a 
reservoir  of  hot  water  on  the  roof  of  the  car,  containing  an  in- 
terior reservoir  of  liquid  ammoniacal  gas,  produced  by  heating  sal- 
ammoniac  in  the  presence  of  a  hydrate  of  lime.  The  gas  was 
disengaged  under  the  influence  of  the  heat  of  the  surrounding 
water,  and  it  passed  to  the  cylinders,  which  were  placed  vertically 
at  the  end  of  the  car,  and  were  connected  to  a  crank-shaft  below, 
from  a  chain-pulley  on  which  revqjving  motion  was  communicated 
by  a  corresponding  pulley  to  one  of  the  axles  of  the  car.  The  gas 
was  exhausted  into  the  reservoir  of  water,  where  it  was  condensed 
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and  its  heat  was  imparted  to  the  water.  This  process  of  evolu- 
tion and  condensation  was  continued  until  the  pressure  of  the  gas 
in  the  interior  reservoir  became  insufficient  for  keeping  the  pistons 
in  motion.  The  greatest  fall  of  pressure  in  the  gas-generator 
during  a  run  of  seven  miles,  did  not  exceed  lo  lbs.  per  square 
inch.  When  the  water  became  saturated  with  gas,  it  was  replaced, 
and  the  gas  absorbed  could  be  extracted  from  the  water  for  further 
service. 

The  greatest  difficulty  in  the  employment  of  ammoniacal  gas  is 
the  necessity  for  entirely  preventing  its  escape  into  the  atmosphere, 
to  obviate  the  ofifensive  smell,  and  the  difficulty  of  respiration 
caused  by  its  presence  in  the  air.     This  objection,  together  with 


Fig.  2S5.    Firefess  Locomotive,  by  Dr.  Lamm,  1872,    Scale  about  ^. 


that  of  the  chemical  action  of  the  gas  on  iron,  led  to  the  abandon- 
ment of  the  system  of  propulsion  by  ammoniacal  gas,  though  Dr. 
Lamm's  car  was  at  work  for  some  time. 

Dr.  Lamm  subsequently,  in  1872,  started  a  fireless  loco- 
motive— a  "  thermo-specific  engine  "^-on  the  line  of  tramway 
between  New  Orleans  and  Carrolton.  The  locomotive,  Fig.  285, 
consisted  of  a  reservoir,  about  3  feet  in  diameter,  and  10  feet 
long,  on  four  wheels,  filled  with  water  heated  to  a  high  tem- 
perature, under  a  corresponding  high  pressure.  When  the 
regulator  was  opened,  the  pressure  was  relieved,  and  steam  was 
formed  spontaneously  from  the  water  to  keep  up  the  supply,  accom- 
panied by  a  gradual  fall  of  pressure.  The  cylinders  were  fixed 
vertically  to  the  fore-end  of  the  reservoir,  and  they  worked  to  a 
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crank-shaft  below,  from  which  the  power  was  transmitted  by  spur- 
gearing  to  the  nearest  axle.  The  reservoir  contained  60  cubic 
feet  of  heated  water.  It  was  first  filled  with  cold  water,  after 
which  a  connection  was  made  with  the  steam-pipe  of  a  large 
stationary  boiler  at  Carrolton,  under  a  pressure  of  200  lbs. 
per  square  inch.  The  cold  water  was  quickly  heated  up,  and 
raised  to  a  pressure  of  180  lbs.  per  square  inch.  The  con-  . 
nection  was  then  uncoupled,  and  the  hot-water  locomotive 
was  ready  for  work.  The  exhaust-steam  was  discharged 
directly  into  the  air,  making  clouds  of  moist  white  vapour.  It 
was  reported,  in  1875,  that  the  hot- water  locomotives  were  in 
constant  and  successful  operation.  The  tramway  is  about  six 
miles  in  length.  From  the  centre  lo  the  outskirts  of  the  city,  the 
cars  are  worked  by  mules,  which  are  then  exchanged  for  the 
engines.  With  one  replenishment  of  the  reservoir  at  Carrolton, 
the  locomotive  could  make  the  double  journey  to  New  Orleans  and 
back,  and  have  a  residual  pressure  of  50  lbs.  per  square  inch. 

By  observation  it  was  found  that  when  the  atmospheric  tem- 
perature fell  to  40"  F.,  the  temperature  of  the  water,  though  it 
was  160°  higher,  only  fell  about  3°  F.  per  hour. 


East  New  York  and  Canartio. 

In  October,  1873,  a  trial  of  a  fireless  locomotive  was  made  be- 
tween East  New  York  and  Canartio,  a  distance  of  3^  miles.  The 
reservoir  was  3  feet  10  inches  in  diameter,  and  10  feet  long,  on 
two  pairs  of  30-inch  wheels,  coupled.  There  were  two  steam- 
cylinders,  8  inches  in  diameter,  with  a  stroke  of  12  inches.  The 
exhaust-steam  was  discharged  into  two  condensers,  one  for  each 
cylinder,  fitted  with  38  condensing  tubes  ^  inch  in  diameter,  and 
air-pumps  for  creating  a  partial  vacuum.  The  weight  of  the  engine 
was  4  tons  3  cwt. ;  that  of  the  car  which  was  drawn  by  it  was  7  J 
tons,  empty,  and  was  estimated  at  12^  tons,  loaded  with  120  pas- 
sengers. The  locomotive,  with  the  car,  performed  the  run  of  3J 
miles  to  Canartio,  on  falling  gradients,  in  12  J  minutes,  at  the  rate 
of  16^  miles  per  hour,  whilst  the  pressure  in  the  reservoir  fell  from 
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i8o  Ibs.y  at  the  beginning  of  the  trip,  to  io8  lbs.  per  square  inch 
at  the  end  of  the  trip.  The  train  stopped  for  nine  minutes  at 
Canartio,  and  during  this  time  the  pressure  fell  to  104  lbs.  The 
return  trip,  on  rising  gradients,  was  made  in  1 7  minutes,  being  at 
the  rate  of  12  J  miles  per  hour,  when  the  pressure  fell  to  45  lbs. 
per  square  inch.  It  is  stated  that  the  machinery  of  this  engine 
was  poorly  designed  and  constructed:  obviously  the  condenser 
was  quite  insufficient 

A  few  months  later  another  fireless  locomotive  working  on 
the  Canartio  line,  was  tested  by  Mr.  R.  H.  Buel  and  Mr.  H.  I,. 
Brevoort.  The  results  of  their  trials  were  recorded  in  a  report 
written  by  Mr.  Buel,  in  January,  1874.*  The  reservoir  of  the 
locomotive  was  3  feet  i  inch  in  diameter  and  9  feet  long,  having  a 
steam  dome  12  inches  in  diameter  and  2  feet  high.  The  cylinders 
were  vertical,  5  inches  in  diameter,  with  a  stroke  of  7  inches,  fitted 
with  side-valves  and  link-motion.  The  power  was  transmitted  to 
one  of  the  axles  by  a  spur  pinion  of  36  teeth  on  the  crank-shaft, 
gearing  into  a  wheel  of  46  teeth  on  the  axle.  There  are  four  30- 
inch  wheels  on  two  axles.  The  reservoir  was  covered  with  cement 
and  felting,  and  the  steam  cylinders  were  heavily  felted.  A  2-inch 
pipe,  perforated  with  small  holes,  lay  along  the  reservoir,  near  the 
bottom,  for  nearly  the  whole  length ;  and  steam  was  admitted 
from  a  stationary  boiler,  through  this  pipe,  for  the  purpose  of 
heating  the  water. 

The  reservoir  was  half  full  of  water  at  the  commencement  of 
the  trip,  of  4*40  miles,  and  the  pressure  of  steam  was  142  lbs.  per 
square  inch.  The  pressure  of  the  steam  during  the  trip  was  as 
follows : — 


lime. 

Pressure. 

P.M. 

lbs. 

per  square  inch. 

3-35 

•  •  ft 

142 

3-31 

•  •  • 

132 

3-3^ 

•  •  • 

124 

3-39 

•  •  • 

124 

3-51 

•  •  • 

102 

3-53 

•  ■  ■ 

97 

3-55 

•  •  • 

89 

4.4 

•  •  • 

70 

Time. 

Pressure. 

P.M. 
4.7 

lbs.  per  sauare  inch. 

4.10 

52 

4.13 

48 

4-15 

44 

4.21 

29 

4.24 

22 

Average  pressure    81 '5  lbs. 
•  Pubhshed  in  The  Engineer ^  February  20,  1874,  page  135. 
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The  total  time  running  the  trip,  4*40  miles,  was  49  minutes,  of 
which  the  time  actually  running  was  35  J  minutes.  The  average 
speed  whilst  running  was  7*44  miles  per  hour.  The  average  speed 
of  the  crank-shaft  was  147*4  turns  per  minute,  giving  a  speed  of 
piston  172  feet  per  minute.  Mr.  Buel  calculated,  from  the  pres- 
sures in  the  reservoir,  that  210  lbs.  of  water  was  evaporated  and 
consumed  during  the  trip,  or  at  the  rate  of  48  lbs.  per  mile  run. 
The  engine  was  worked  in  full  gear,  and  the  steam  was  wire-drawn 
by  the  regulator.  The  average  initial  pressure  on  the  cylinder 
was  found,  from  indicator  diagrams,  to  be  23*52  lbs.  per  square 
inch  ;  the  average  terminal  pressure  was  19-86  lbs. ;  the  average 
back  pressure  was  5*15  ;  the  average  effective  pressure  was  17 '86 
lbs.  per  square  inch.  The  indicator  power  was  3*61  horse-power. 
Mr.  Buel  estimated  that  the  quantity  of  steam  manifested  in  the 
cylinders,  according  to  the  indicator  diagrams,  amounted  to  147 '15 
lbs.,  or  70  per  cent,  of  210  lbs.,  the  calculated  quantity  evapo- 
rated. The  circumstances  under  which  the  steam  was  employed 
in  the  engine  were  obviously  unfavourable.  The  steam  was  not 
worked  expansively  to  any  degree ;  and  much  of  it  was  condensed 
in  the  cylinders.  The  speed  of  the  pistons  was  too  low,  and, 
even  with  such  low  speed,  the  back  pressure  on  the  pistons 
amounted  to  5*15  lbs.  per  square  inch,  or  22i  per  cent,  of  the 
positive  pressure  above  the  atmosphere. 


Baxter. 

In  1872,  Mr.  Baxter,  of  Newark,  U.S.,  brought  out  a  steam-car. 
Fig.  286,  in  New  York.  It  was  placed  on  four  30-inch  chilled 
wheels,  at  7 -feet  centres,  driven  by  a  steam-engine  with  compound 
cylinders,  placed  together  under  the  floor.  The  steam  was  sup- 
plied from  a  vertical  boiler,  26  inches  in  diameter,  and  4^  feet 
high.  It  is  stated  that  this  steam-car  worked  well,  taking  52 
passengers,  ascending  an  incline  ot  i  in  13.  It  was  also  noise- 
less. 
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Fig.  286.     Steam-car,  by  Mr.  Baiter,  1S72.    Scale  ^. 


Grantham. 

Mr.  John  Grantham,  impressed  with  the  need  for  substituting 
steam-power  for  horse-power,  patented  a  system  of  steam-car  in 
187 1,  consisting  of  an  ordinary  tramway-car,  in  which  the  pro- 
pelling power  was  to  be  lodged  and  applied  at  the  middle  of  the 
length  of  the  car.     In  1872  he  had  a  steam-car.  Fig.  287,  con- 


FiG.  287.     Steam-car,  by  Mr.  John  Grantham,  1872. 

structed ;  of  which  the  car  proper  was  made  at  the  Oldbuiy 
Carriage  Works,  and  the  engines  and  boilers  by  Messrs.  Meny- 
weather  &  Sons,  to  Mr.  Grantham's  design.  This  was  the  first 
steam-car  for  tramways  constructed  in  England.  A  boiler-chamber 
was  constructed  at  each  side  of  the  body,  to  hold  two  upright 
boilers,  leaving  a  central  passage  free  for  circulation  in  and  out  at 
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either  end  of  the  car,  or  from  end  to  end.  The  boilers  were  con- 
structed on  the  Field  system,  with  pendent  water- tubes,  having 
internal  circulating  tubes.  They  were  18  inches  in  diameter,  and 
4  feet  4  inches  high ;  the  fire-grate  of  each  boiler  was  15  inches  in 
diameter.  The  machinery  was  placed  below  the  floor.  The 
steam-cylinders  were  4  inches  in  diameter,  with  a  stroke  of  10 
inches,  and  were  connected  to  a  single  pair  of  driving-wheels,  30 
inches  in  diameter.  The  car  had  four  wheels,  placed  at  10  feet 
apart  between  the  axles.  One  axle  was  for  driving ;  the  other 
axle  had  one  wheel  loose,  on  a  sleeve,  so  that  the  wheels  could 
revolve  independently  of  each  other.  The  car,  over  all,  was  30  feet 
in  length  :  it  held  seats  for  44  passengers — 20  inside  and  24  out- 
side. The  weight,  empty,  was  6i  tons.  Early  in  1873,  ^^^  steam- 
car  was  put  to  work  experimentally  on  a  short  piece  of  level 
railway,  350  yards  long,  at  West  Brompton,  where  it  worked  for 
some  time  satisfactorily  enough  with  steam  of  90  lbs.  pressure  : — 
traversing  the  line  at  an  average  speed  of  1 1  miles  per  hour,  in- 
cluding the  starting  and  the  stopping.  But,  though  a  steam-car 
may  do  well  on  a  railway,  it  may  fail  on  a  tramway,  on  which  the 
resistance  is  much  the  greater.  Thus  is  to  be  explained  the  failure 
of  the  Grantham  car  when  it  was  tried  in  November,  1873,  ^^  3. 
portion  of  the  London  Tramways,  between  Victoria  Station  and 
Vauxhall  Bridge ;  possibly,  also,  as  The  Engineer  remarked,  be- 
cause of  difficulties  in  firing,  due  to  the  crowded  state  of  the  car. 

The  car  was  removed  to  the  Wantage  Tramway,  where  it  was 
put  to  work.  But  it  did  not  generate  sufficient  steam  for  working 
the  inclines  and  curves  of  the  line,  which  are  severe.  The  Wan- 
tage Tramway  is  two  miles  long ;  the  steepest  gradient  is  i  in  47 
for  350  yards,  and  its  quickest  curve  has  a  radius  of  only  75  feet. 
The  insufficient  performance  of  the  boilers,  and  the  danger  of 
isolated  boilers,  unfitted  the  Grantham  car,  as  first  constructed,  for 
employment  on  ordinary  tramways.  It  was  altered  under  the 
advice  of  Mr.  Edward  Woods.  The  boilers  were  taken  out,  and 
a  single  large  vertical  boiler,  constructed  by  Messrs.  Shand,  Mason, 
&  Co.,  with  numerous  small  water-tubes,  laid  nearly  horizontally, 
was  substituted .    This  new  boiler,  like  the  old  boilers,  was  placed 
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in  the  middle  of  the  car,  nearer  one  side  than  the  other,  completely 
boxed  off,  and  leaving  a  passage  or  thoroughfare  towards  the  other 
side  between  the  first-class  and  the  second-class  ends  of  the  car. 
New  wheels  of  smaller  diameter,  24  inches,  were  substituted  for  the 
original  wheels.  One  pair  of  the  wheels  was  used  for  driving,  and 
the  other  pair,  as  before,  had  one  loose  wheel  to  ease  the  passage 
on  curves.  The  car  was  driven  from  either  end  by  removable 
levers,  by  means  of  which  the  driver  possesses  entire  control  of  its 
movements.  It  was  27  feet  3  inches  long,  6  feet  6  inches  wide, 
and  1 1  feet  i  inch  high.  The  net  weight  of  the  car,  empty,  was  6^ 
tons,  and  with  a  supply  of  coke  and  water,  8  tons.  It  could 
accommodate  60  passengers,  making  a  load  of,  say,  5  tons,  and  a 
gross  weight  of  13  tons  loaded. 

The  following  estimate  of  the  cost  of  working  tramways  by  the 
Grantham  steam-car,  was  based  on  the  results  of  experience  on 
the  Wantage  Tramway.  It  was  assumed  that  a  mileage  amounting 
to  26,260  miles  is  run  during  the  year,  equivalent  to  72  miles  per 
day,  although^  as  a  matter  of  fact,  the  daily  mileage  run  on  the 
Wantage  line  has  been  less  than  40  miles. 

Wantage  Tramway. 

Estimated  cost  of  working  Grantham* s  Steam-car. 

One  engine-driver  @  35s.  per  week     \  ;^      «.     d. 

„    stoker  ,,  25s.        ,,  (     80s.        208    o    o 

„    conductor        „  20s.        ,,  ) 

Fuel,  7  lbs.  of  coke  per  mile  for  26,260  miles  = 

82  tons  ®  15s 61  10    o 

Oil,  tallow,  wash,  and  sundries,  @  Jd.  per  mile, 

for  26,260  miles 27     7     i 

Water  at  is.  per  day 18    5     o 

Repairs  of  car  and  machinery,  at  id.  per  mile, 

for  26,260  miles 109    8    4 

Total  cost        .        .        .  £^2^  10    5 
or,  3'88d.  per  mile  run. 

The  next  steam-car  constructed  on  Grantham's  system.  Fig. 
288 — though  the  leading  speciality  of  the  system  nearly  vanishes 
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in  the  car  last  constructed — comprised  a  few  further  improvements, 
made  on  the  recommendation  of  Mr.  Woods.  A  four-wheel 
bogie  was  substituted  for  the  independent  wheels,  and  the  boiler 
and  machinery  were  placed  at  one  end  of  the  car.  The  car 
was  constructed  by  the  Starbuck  Car  and  Wagon  Co.,  Bir- 
kenhead, to  work  on  the  Vienna  Tramways.  The  machinery 
and  ihe  boiler  were  supplied  by  Messrs.  Shand,  Mason,  &  Co. 
The  boiler  was  one  of  their  inclined  water-tube  boilers,  like  those 
which  are  employed  by  them  in  the  construction  of  fire-engines. 
The  fire-box  was  upright ;  the  water-tubes,  which  were  of  small 
diameter,  were  arranged  in  layers,  slightly  inclined,  which  crossed 
each  other,  one  layer  above  another.    The  machinery  was  below  the 
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Fig.  288.    Grantham  Steam-car,  1876. 

platform,  and  the  water- tanks  were  placed  under  the  seats  of  the 
car.  The  cylinders  were  6  inches  in  diameter,  with  a  stroke  of 
9  inches ;  the  driving-wheels  were  2  feet  in  diameter ;  and  the 
bogie- wheels  were  20  inches,  placed  at  3  feet  between  the  centres 
of  the  axles.  The  distance  firom  the  centre  of  the  driving-axle 
to  that  of  the  bogie,  was  8  feet.  On  this  working  base  of  8  feet, 
there  was  a  total  length  of  car  equal  to  28^  feet,  of  which  the 
length  of  the  body  was  23^  feet,  comprising  14  feet  for  the 
accommodation  of  24  passengers,  and  9^  feet  for  the  boiler-room. 
The  total  weight  was  about  7  tons  gross,  with  passengers,  of 
which  there  were  3  tons  on  the  driving-wheels,  and  4  tons  on  the 
bogie.    The  price  of  the  steam-car  was  about  £^$0, 

This  car  was  tried  on  the  Hoylake  and  Birkenhead  Tramway 
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on  May  ii,  1876.  The  tramway  is  2  J  miles  long,  with  cun'es  of 
35  feet  radius,  and  a  maximum  gradient  of  i  in  19.  The  car 
made  three  complete  double  journeys,  or  a  total  running  of  15 
miles,  with  a  load  of  45  passengers.  The  working  pressure  in 
the  boiler  was  100  lbs.  per  square  inch.  The  ordinary  speed, 
whilst  running,  was  about  10  miles  per  hour ;  but  the  speed,  when 
tested,  occasionally  reached  double  that  rate. 

The  car  ascended  the  incline  i  in  19 ;  but  it  could  not 
have  started  on  the  incline  if  it  had  previously  been  stopped 
upon  it. 

A  trial  of  this  steam-car  was  made  on  reaching  its  destination, 
on  the  Vienna  Tramways,  over  a  piece  2*40  miles  long,  between 
the  Semmering  Tramway  Station  and  the  Central  Cemetery,  on 
July  28,  1876.  The  distance  was  traversed  in  15  minutes,  or  at 
the  rate  of  9A  miles  per  hour,  including  stoppages.  The  steepest 
gradient  was  i  in  48,  which  was  ascended  at  a  speed  of  14  miles 
per  hour.  The  boiler,  though  a  rapid  generator  of  steam,  was,  for 
the  purpose  of  a  tramway  motor,  too  limited  in  water-room ;  and 
it  demanded  skilled  management  to  maintain  the  pressure  free 
from  violent  fluctuations. 

The  regular  working  speed  was  from  10  to  12  miles  per 
hour. 

In  Mr.  Woods'  latest  design  of  the  Grantham  steam-car,  the 
distance  between  the  centres  of  the  driving-axle  and  the  bogie  was 
increased  to  10  feet. 

The  Grantham  car  continued  in  daily  work  for  some  time,  as 
late  as  in  1881,  on  the  Wantage  Tramway.  In  the  reports  of  Mr. 
G.  Stevenson,  the  engineer  of  the  line,  in  that  year,  it  appears  that 
the  steam-car  consumed  220  lbs.  of  coke  per  day  in  running  8  trips 
of  S  miles  each,  or  40  miles  in  all  :  at  the  rate  of  5^  lbs.  of  coke 
per  mile  run,  and  not  7  lbs.,  as  was  assumed  for  estimation.  The 
car  weighed  with  fuel  and  water  6i  tons,  and  took  2  J  tons  of  pas- 
sengers ;  making  a  gross  weight  of  9 J  tons,  for  moving  which  the 
fuel  was  consumed  at  the  rate  of  -59  lb.  per  ton-gross  per  mile 
run.  According  to  the  first  estimate  given  in  page  420,  the  total 
working  cost  for  the  Grantham  car  was  calculated  at  3'88d.  per 
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mile  run.  It  now  appears  from  the  published  accounts,  that  the 
cost  for  locomotive  power  for  the  two  years  ending  June  30,  1880, 
during  which  24,280  miles  were  run  by  cars,  amounted  to  4*44d. 
per  mile  run  by  cars,  comprising  the  cost  for  the  heavier  engines  of 
Hughes  already  noticed. 


Perkins. 

In  1874,  a  tramway  locomotive  was  constructed  on  the  system 
of  Mr.  Loftus  Perkins,  by  the  Yorkshire  Engine  Company,  for  the 
Belgian  Street  Railway  Company,  Brussels.  It  was  worked  with 
steam  of  a  pressure  of  500  lbs.  per  square  inch,  with  compound 
cylinders,  of  which  the  first  cylinder  was  single-acting,  2  A  inches 
in  diameter,  and  the  second  cylinder  was  double-acting,  4f  inches 
in  diameter.  Thence  the  steam  was  exhausted  into  an  air-surface 
condenser,  consisting  of  two  assemblages  of  vertical  J-inch  copper 
tubes,  one  on  each  side  of  the  engine,  presenting  together  700  or 
800  square  feet  of  cooling  surface,  The  steam  was  condensed  by 
the  cooling  action  of  the  atmospheric  air  which  circulated  about 
theoutsidesof  the  tubes.  The  upper  ends  of  the  tubes  were  closed, 
with  the  exception  of  a  small  aperture,  about  ^^  inch  in  diameter, 
left  for  the  escape  of  residual  vapour.  The  boiler  was  constructed 
of  bent  iron  tubes,  2  J  inches  diameter  inside,  and  f  inch  thick  ; 
it  had  been  proved  to  a  pressure  of  2,500  lbs.  on  the  square  inch, 
or  167  atmospheres.  Coke  was  the  fuel  used,  and  the  force  of 
draught  was  simply  that  due  to  the  height  of  the  chimney.  The 
wheels  were  2  feet  in  diameter ;  the  axles  were  2^  inches  in  dia- 
meter, swelled  to  a  diameter  of  3J  inches  at  the  middle.  The 
speed  of  the  crank-shaft  was  reduced  by  toothed-wheel  gearing, 
in  the  ratio  of  four  to  one ;  and  the  motion  was  taken  off  the 
second  shaft  to  the  wheels  by  coupling-rods.  The  weight  of  the 
locomotive  was  only  four  tons,  in  working  order.  The  scantling 
of  its  parts  appears  generally  to  have  been  scarcely  sufficient. 
The  crank-shaft,  for  example,  was  only  i  %  inches  in  diameter.  Mr. 
Cramp  states,  that  in  a  preliminary  trial  of  this  engine,  with  its 
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I<j3fl,  m  the  end  of  1874,  on  the  Manchester  and  Sheffield  Rail- 
way, a  speed  of  15  miles  per  hour  was  attained,  on  gradients  of 
from  I  in  300  to  i  in  80. 


I'~]U,  289.     Pcrkmt's  Candensiii);  Locomotive  :  Elevation. 

The  ciiyinc  was  sent  to  Brussels,  where  it  had  the  duty  of 
drawitig  a  one-horse  passenger-car.  M.  Vaucamps,  director  of 
the  Belgian  Street  Railways,  writing  upon  the  results  of  trials  in 
the  end  of  1874.  stated  that  the  system  was  perfect :  "  In  fact,  no 


PERKINS   LOCOMOTIVE.  425 

smoke,  no  escape  of  steam  into  the  atmosphere,  no  noise,  no 
feeding  of  water  during  the  trip,  nor  even,  if  needfiil,  for  several 
days." 

M.  Spfe,  writing  in  December,  1875,*  did  not  fonn  quite  so 


FiC.  390.    Feikittj's  Condensmg  Locomotive  :  Transverse  Section. 

favourable  an  estimate ;  but  "  he  was  convinced  that  this  motor, 
slightly  modified,  would  answer  perfectly.     It  would  be  neces- 

•  Exploitation  des  Chemins  de  Fers  Amiricains  par  Traction 
Micanique,  page  12. 
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SBjy  to  employ  two  cylinders  at  least  [probably  he  meant  two 
systems  of  compound  cylinders].  The  pressure,  35  atmospheres, 
n  consequence  of  which  it  is  very  difficult  to  maintain  the  joints, 
would  not  appear  to  be  indispensable.  The  condenser,"  he  added, 
•*does  not  act  efficiently,  for  the  outer  ranges  of  tubes,  screening 
the  others,  prevent  their  being  sufficiently  cooled."  M.  Vaucamps 
appears  to  have  afterwards  adopted  similar  views,  for,  in  1875,  he 
adapted  two  systems  of  compound  cylinders  to  the  engine,  with  a 
mode  of  coupling  by  frictional  gearing,  heavy  and  complicated, 
for  moving  the  locomotive  either  way ;  this  gearing  gave  rise  to 
violent  shocks. 

"  After  having  tried  this  coupling-gear  for  some  time,"  says 
M.  Spec,  "  M.  Vaucamps  resolved  to  take  the  machine  to  pieces, 
and  sell  it  as  old  metal." 

Mr.  Perkins  availed  himself  of  the  results  of  his  experience  with 
the  locomotive  at  Brussels,  in  the  designing  of  the  condensing 
locomotive.  Figs.  289  and  290.  It  is  compacdy  arranged,  within 
a  length  of  10  feet,  a  width  of  7  feet,  and  a  height  of  9  feet 
8  inches  above  the  level  of  the  rails,  exclusive  of  the  chimney,  which 
is  about  13  or  14  feet  high.  The  wheel-base  is  4  feet  3  inches  in 
length,  and  the  width  of  gauge  is  4  feet  8  J  inches.  The  boiler 
and  the  engines  are  placed  side  by  side  in  the  middle,  and  they 
are  flanked  by  two  air-condensers. 

The  motion  is  reduced  by  toothed  gearing  from  the  crank- 
shaft to  an  intermediate  shaft,  and  is  thence  communicated  to  all 
the  wheels  by  coupling-rods. 

The  boiler  is  vertical,  and  is  constructed  on  Mr.  Perkins's  water- 
tube  system.  There  are  nine  tiers  of  wrought-iron  tubes,  bent  to 
an  oblong  form,  with  circular  ends,  2 }  inches  in  bore,  and  i  inch 
thick.  The  tiers  are  connected  vertically  by  short  junction  tubes 
of  smaller  diameter.  The  boiler  is  "  absolutely  safe  from  explo- 
sion." The  total  external  heating  surface  presented  is  90  square 
feet  The  area  of  grate-surface  is  3  square  feet  Thus  the  ratio 
of  the  fire-grate  area  to  the  heating  surface  is  i  to  30.  The 
pressure  of  steam  in  the  boiler  is  500  lbs.  per  square  inch,  though 
the  boiler  is  constructed  to  bear  a  maximum  pressure  of  800  lbs. 
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per  square  inch.  The  chimney  is  sufficient,  by  the  natural  draught, 
for  the  production  of  steam,  with  coke  as  fuel. 

'I'he  engine  consists  of  two  single-acting  cylinders  and  one 
double-acting  cylinder.  The  single-acting  cylinders  have  one 
piston-rod ;  the  steam,  at  400  lbs.  pressure,  being  admitted  above 
the  piston  by  the  first  and  smallest  cylinder,  i\  inches  in  diameter; 
then  expanded  into  the  second,  or  medium,  cylinder,  5^  inches  in 
diameter,  below  its  piston ;  lastly,  exhausted  into  the  double- 
acting  cylinder,  which  is  7^  inches  in  diameter.  The  first  and 
second  cylinders  thus  work  together  as  one  cylinder,  and  they, 
with  the  third  cylinder,  are  connected  to  a  crank-shaft,  with  a 
stroke  of  9  inches.  The  object  of  the  combination  of  the  first 
and  second  cylinders,  and  working  them  by  single  action,  is  to 
prevent  the  exposure  of  the  packing  round  the  piston-rod  to  the 
extreme  temperature  of  the  steam  as  first  admitted. 

The  steam  is  cut  off  in  the  first  cylinder  at  three-fourths  of 
the  stroke ;  and  whilst  its  initial  temperature  at  400  lbs.  effective 
pressure  is  about  450°  F.,  the  pressure  falls  by  expansion  to 
something  less  than  300  lbs.  effective  pressure  when  the  steam 
enters  the  second  cylinder,  where  the  initial  temperature  does 
not  exceed  420°  F. 

A  sufficiently  high  degree  of  expansion  is  obtained  by  this 
combination,  for  the  working  volumes  of  the  cylinders  are  as 
follows : — 

Area  of  piiton. 

1st  cylinder      .  .        .      7-67.  as    i 

2nd       „  ....    2376,  as   yzi 

3rd        „       44' 1 8  sq.  in.  X  2  =  88*36,  as  11 '52 

Setting  off  the  expansion  in  the  first  cylinder  against  the  reduc- 
tion of  expansive  action  by  clearances,  it  may  be  taken  that  the 
steam  may  be  finally  expanded  to  twelve  times  its  initial  volume 
before  being  exhausted  into  the  condensers.  The  cylinders  are 
jacketed  with  steam  direct  from  the  boiler;  the  jackets  are  in 
reality  coils  of  pipes,  of  small  bore,  conducted  round  the  cylinders, 
embedded  in  the  castings. 
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The  engine,  boiler,  and  chimney  axe  entirely  enveloped  in  a 
non-conducting  casing  of  vegetable-black,  3  inches  thick. 

The  condensers  consist  each  of  a  great  number  of  brass  tubes, 
\  inch  in  diameter  outside,  and  6  feet  long,  placed  vertically  on  a 
hollow  base,  and  pitched  at  a  distance  of  one  inch  between 
centres.  The  steam  is  exhausted  into  the  hollow  base  of  each 
condenser,  whence  it  freely  enters  the  tubes,  which  are  nearly 
closed  at  the  upper  ends,  leaving  only  a  very  small  opening, 
iV  iiich  in  diameter,  to  the  atmosphere.  They  present  an  area  of 
external  surface  equal  to  1*500  square  feet,  of  which,  it  is  stated, 
150  square  feet  are  sufficient  for  the  formation  of  one  cubic  foot 
of  water  per  hour,  by  the  condensation  of  steam  as  from  a  tem- 
perature of  212°  F.,  or  atmospheric  pressure.  The  total  quantity 
of  steam  that  could  be  condensed  per  hour,  as  from  212°  F., 
would  thus  amount  to  10  cubic  feet  of  water,  which  affords  ample 
margin.  The  feed  is  drawn  from  the  condensation- water.  The 
temperature  of  condensation  is  from  210°  to  212°  after  the  water- 
supply  is  heated.  The  back  pressure  in  the  condenser  is  about 
\\  lbs.  per  square  inch  above  the  atmosphere. 

The  intermediate  shaft  is  geared  to  the  crank-shaft  in  the  ratio 
of  4  to  I,  to  make  one  turn  for  four  of  the  crank-shaft,  and  the 
motion  is  transmitted  by  4-inch  cranks,  with  coupling-rods,  to  the 
wheels,  which  are  24  inches  in  diameter.  The  play  of  the  springs 
is  allowed  for  by  a  slot  in  each  coupling-rod.  The  axle-boxes  of 
each  pair  of  wheels  are  united  into  one  piece,  reaching  across  the 
engine. 

The  weight  of  the  locomotive,  empty,  is  5i  tons,  of  which 
10  cwt.  is  contributed  by  the  condensers.  The  weight,  in  full 
working  order,  with  fuel  and  water  for  the  day's  work,  is  6  tons. 

It  was  anticipated  that  very  economical  results  of  performance 
would  be  obtained  by  the  use  of  this  locomotive.  In  a  stationary 
engine  and  boiler  constructed  on  the  same  system,  i8-indicator 
horse-power  has  been  realised  with  a  consumption  of  30  pounds 
of  coke  per  hour,  equivalent  to  1*67  pounds  per  horse-power  per 
hour.  The  waste  of  water  in  the  engine  is  only  5  gallons  in 
12  hours. 


SOCIETE  METALLURGIQUE  LOCOMOTIVE.  429 

The  tramway  locomotive,  working  at  full  power,  indicated,  it 
was  stated,  30  horse-power,  with  a  consumption  of  about  50  lbs. 
of  coke  per  hour,  or  1 7  lbs.  per  square  foot  of  grate  per  hour. 


SoCIjfeT^    METALLURGIQUE. 

The  SociA^  M^tallurgique  et  Charbonnifere,  Belgium,  according 
to  M.  Sp^e,  constructed,  in  1875,  a  locomotive  fitted  with  a  three- 
cylinder  engine  on  Brotherhood's  system. 

The  high  speed  of  the  engine  was,  in  the  first  design,  reduced 
by  means  of  an  endless-screw  and  wheel,  with  a  view  to  the 
prevention  of  noise.  But  this  gearing  broke  down  several  times, 
and  the  friction  and  the  wear  were  found  to  be  so  considerable, 
that  in  a  second  design  the  reduction  of  speed  was  effected  by 
means  of  spur-gear.  From  cranks  on  the  last  shaft  of  the  motion, 
the  wheels  were  turned  by  connecting-rods.  A  fly-wheel,  also, 
was  fixed  on  the  first  shaft  of  the  engine,  for  the  purpose  of 
preventing  the  noise  of  the  gearing.  The  locomotive  resembled, 
in  external  appearance,  an  omnibus ;  the  body  was  7  feet  2  inches 
long,  and  6  feet  8  inches  wide;  the  total  length  of  the  frame 
was  II J  feet.  There  were  four  wheels,  coupled,  of  which  the 
axles  were  3  feet  7  inches  apart  between  centres.  The  boiler 
was  of  the  Belleville  type,  "  inexplodable,"  consisting  of  water- 
tubes  arranged  for  rapid  evaporation,  with  only  the  natural 
draught  of  the  chimney.  It  is  fed  automatically  by  a  donkey- 
engine. 

The  steam  was  slightly  superheated,  and  was  exhausted  into 
a  surface-condenser,  whence  the  remaining  uncondensed  steam 
mixed  with  the  air  is  discharged  into  the  chimney.  The  principle 
of  the  condenser  consisted  in  the  division  of  the  exhaust-steam 
into  a  number  of  jets,  which  drew,  each  by  a  conical  nozzle, 
currents  of  air  to  condense  the  steam.  The  locomotive  weighed 
6  tons,  and  it  carried  a  supply  of  coke  and  water  for  4  or  5  miles. 
It  was  found  that  the  condensation  was  imperfectly  effected  when 
the  atmosphere  was  not  warm  or  dry,  and  in  another  locomotive 
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of  the  same  kind,  constructed  subsequently,  the  area  of  the  con- 
densing surface  was  extended  to  five  times  that  of  the  surface  in 
the  first  engine. 

To  facilitate  the  lubrication  of  the  cylinders,  they  were  placed 
horizontally  on  the  platfbrm  near  the  conductor.  The  stoker, 
who  took  his  place  within  the  covering,  attended  to  the  fire  and 
the  water. 


Kohl. 

In  August,  1875,  ^  tramway-locomotive,  constructed  by  Mr.  A. 
Kohl,  a  Danish  engineer,  was  tried  in  Copenhagen,  on  the  tramway 
worked  by  the  American  Omnibus  Company.  It  weighed,  in 
working  order,  upwards  of  5  tons,  and  it  drew  two  American 
tramway-cars  filled  with  passengers. 


Smith  &  Mygind. 


In  December,  1875,  ^  tramway-locomotive,  constructed  by 
Messrs.  Smith  &  Mygind,  of  Copenhagen,  was  put  to  work  on 
the  tramways  of  Copenhagen,  drawing  passenger-cars.  The  boiler, 
according  to  M.  Sp^e,  was  of  the  locomotive  type,  and  compound 
cylinders  were  employed.  The  exhaust  steam  was  condensed  in 
a  surface-condenser,  holding  a  quantity  of  water  sufficient  to  last 
an  hour. 


BkDE. 

MM.  B^de  &  Co.,  Belgium,  constructed  a  fireless  steam  car, 
in  1875,  to  the  directions  of  the  Soci^td  G^n^rale  de  Tramways. 
The  reservoirs  consisted  of  four  small  horizontal  cylinders  placed 
under  the  seats,  and  two  upright  cylinders  placed  one  on  each 
side  of  the  car,  enclosed,  and  leaving  a  passage-way  within  the 
car  between  the  first-class  and  second-class  compartments.     The 
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Steam,  disengaged  in  the  upper  part  of  the  upright  cylinders, 
descended  in  a  pipe  through  the  hot  water,  to  the  steam  cylinders. 
There  were  three  steam  cylinders,  4^  inches  in  diameter,  with  a 
stroke  of  14*2  inches,  connected  to  a  triple-crank  axle,  with  28-inch 
wheels.  They  were  fitted  with  link-motions.  The  crank-axle 
was  placed  under  the  middle  of  the  car,  which  originally  had  two 
other  axles  with  20-inch  wheels  which  were  loose  on  the  axles. 
One  of  the  pair  of  wheels  was  removed,  and  the  wheels  of  the  other 
pair  were  fixed  on  the  axle.  But  the  wheels  were  not  coupled. 
The  reservoir  contained  50  cubic  feet  of  water  heated  to  365°  F., 
for  an  effective  air-pressure  of  10  atmospheres  or  162  lbs.  per 
square  inch.  The  reserve  of  heat  was  suflficient  to  last  50  minutes 
at  the  ordinary  speed  on  tramways,  with  a  load  of  i  '60  tons.  The 
car  ran  with  facility  on  curves  of  40  feet  radius,  and  ascended  an 
incline  of  i  in  28,  with  a  pressure  of  4J  atmospheres,  or  66  lbs,  per 
square  inch.  The  car  stopped  and  started  quickly  and  without 
shock.  The  exhaust-steam  was  discharged  into  a  chamber  so 
arranged  as  to  separate  water  from  the  steam,  and  the  sound  of  the 
escaping  steam  was  scarcely  audible.* 

It  appeared  that  this  engine  worked  daily  with  regularity  and 
success  in  Belgium.!  The  charging  of  the  reservoir  was  renewed 
every  two  hours,  and  was  done  in  a  quarter  of  an  hour.  The 
cylinders  constituting  the  reservoir  were  covered  with  woven  glass 
and  lagging.  A  tank  was  filled  with  cold  water  for  condensing  the 
exhaust  steam ;  there  were,  it  is  said,  four  horizontal  steam-cylin- 
ders, two  at  each  end,  all  of  which  are  brought  into  action  in 
ascending  the  steepest  incline  already  noted.  The  speed  attained 
was  ten  miles  per  hour,  on  a  level.  Suet  was  used  for  lubrication, 
to  obviate  the  odour  of  oil.  The  sockets  for  the  driving  and  other 
levers  were  in  duplicate,  one  set  at  each  end  of  the  car.  The 
engine  was  about  (September,  1877)  to  undergo  a  few  alterations, 
but  it  was  ultimately  taken  oflF  the  line  on  account  of  the  excessive 
cost  of  working. 

•  These  particulars  are  borrowed  from  M.  Sp6e. 
t  T/ie  Foreman  Engineer  and  Draughtsman ^  September,  1877, 
page  138. 
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Baldwin. 

Reverting  to  America,  a  steam-car  was  built  at   the  Baldwin 
Locomotive  Works,  in  1875,  ^^^  ^^.s  experimentally  worked  on 
the  Atlantic  Avenue  Railway  (Tramway)  at  Brooklyn,  for  the 
first  six  months  of  1876.     It  was  run  and  kept  in  order  by  one 
engineer  during  that  time,  consuming  from  7  lbs.  to  8  lbs.  of  coal 
per  mile  run.     Night  and  morning,  it  drew  behind  it  an  additional 
car  with  passengers  from  and  to  New  York.     On  several  occasions 
a  speed  of  16  or  18  miles  per  hour  was  attained  with  it.     In  June, 
1876,  the  steam-car  was  removed  to  Philadelphia,  where  it  was 
worked  on  the  Market  Street  line  till  nearly  the  date  of  closing 
the  Centennial  Exhibition.     The  car  was  constructed  with  steam- 
cylinders  under  the  body,  connected  to  a  cranked  axle,  to  which 
the  fore-wheels  were  coupled.     The  hind-wheels  were  free.     The 
machinery  was  fixed  to  an  iron  bed-plate  bolted  to  the  wooden 
framing  of  the  car.     This  mode  of  construction  was  found  to  be 
objectionable,  as  the  framing  was  not  strong  enough  for  the  pur- 
pose, and  the  crank-axle  was  subject  to  occasional  breakage. 

In  the  end  of  1876,  therefore,  the  steam-car  was  removed  to  the 
works  of  the  Baldwin  Company  to  be  reconstructed.  An  iron 
framework  was  made,  on  which  an  upright  boiler  and  the  machinery 
were  fixed,  independent  of  the  body  of  the  car,  which  was  bolted 
down  to  it ;  and  outside  horizontal  cylinders  were  employed.  In 
this  way  existing  car  stock  could  be  utilised — bolting  down  the 
bodies  to  an  engine-frame  adapted  to  receive  them  and  carry  them. 
The  throttle-valve  was  placed  close  to  the  cylinders — a  good  idea 
— having  the  advantage  of  promptly  stopping  and  starting  the 
engine.  The  car  was  carried  on  rubber  springs,  with  cross  equalis- 
ing-beams ;  the  motion  was  smooth,  free  from  interference  by  the 
action  of  the  machinery.  The  boiler  was  of  steel,  double-riveted, 
and  was  calculated  to  support  with  safety  a  steam-pressure  of 
300  lbs.  per  square  inch.  But  a  pressure  of  90  lbs.  was  suflficient 
to  move  the  loaded  car  over  the  steepest  inclines  on  the  Market 
Street  line,  which  are  about  i  in  22,  without  ever  *' stalling"  or 
requiring   assistance.     The  reconstructed   steam-car,  which  was 
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named  the  "  Baldwin,"  was  replaced  on  the  Market  Street  Tram- 
way on  March  21,  1877;  it  worked  regularly  for  four  weeks,  to 
April  18 : — running  88  miles  per  day,  seven  days  in  the  week. 

The  quantity  of  fuel,  coal,  consumed  by  the  steam-car  amounted 
to  4,950  lbs.  in  seven  days,  running  (7  x  88  =)  616  miles : — at  the 
rate  of  8*03  lbs.  per  mile.  The  car  did  not  require  any  repair 
during  the  four  weeks*  run.  The  actual  daily  expenses,  with  esti- 
mated cost  for  maintenance  and  interest,  were  as  follows  :  — 

Baldwin  Steam  Car. 
Cost  of  Running  one  Steam-Car  one  day. 

Dollars.  «.      d. 

Fuel,  88  miles,  at  8  lbs.  per  mile,  equal  to 

704  lbs.,  @  4  dollars  per  ton       .         .         .  1-26  or  53 

Oil,  waste,  and  tallow '25  ,,  .    i     oj 

Wages  of  engineers,  16  hours  ®  25  cents     .  4*00  ,,  16    8 

Repair  and  maintenance  of  car  and  ma- 
chinery        1*00  ,,  42 

Working  cost        .         .     6*51       ,,       27     ij 

Daily  interest  on  cost  of  steam-car,  3,000 

dollars,  or  ;^625  @  6  per  cent.,  per  year    .       '49       ,,         2     oj 

Total  cost  per  day  (4d.  per  mile  run)    7*00       ,,       29    2 

The  Baldwin  Company  also  constructed  a  tramway  locomotive, 
having  boilers  and  cylinders  of  the  same  capacity  as  those  of  the 
steam-car,  on  an  iron  frame ;  of  which,  with  water-tanks,  the  total 
weight  was  12,000  lbs.,  or  5  35  tons.  The  whole  of  these  masses 
were  carried  within  the  wheel-base,  so  preventing  rocking  and 
pitching.  A  locomotive  of  this  class  was  constructed  in  1876  for 
the  Citizens'  Railway  of  Baltimore,  of  which  the  maximum  gra- 
dients are  i  in  14*3.  It  was  capable  of  drawing  one  car  up  the 
incline,  but  it  had  not  sufficient  power  to  take  up  two  cars.  A 
second  engine,  weighing  about  7*2  tons,  was  built  and  delivered  in 
December,  1876.  During  severe  snow-storms  it  ascended  the 
maximum  incline,  drawing  one  car,  with  100  passengers,  when  the 
tracks  were  covered  in  places  with  a  mixture  of  snow  and  dirt  to 

F  F 
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a  depth  of  8  or  lo  inches.  It  could,  without  difficulty,  draw  a 
loaded  car,  for  taking  which,  otherwise,  four  horses  were  required. 
In  better  weather  the  locomotive  worked  regularly — taking  two 
cars  up  the  incline. 

The  following  is  a  statement,  for  comparison,  of  the  cost  of 
running  horse  cars,  based  on  the  reports  of  various  tramway  com- 
panies in  Philadelphia : — 

Horse  Cars  in  Philadelphia. 

Cost  of  Running  one  Two- Horse  Car  one  day. 

£     s.    d. 
First  cost  of  one  car,  I, ooo  dollars,  or        .        .        .    258    6    8 

Ditto        9  horses,  @  140  dollars,  or  £2i)  3s.  4d.     262  10    o 

Feed  and  stable  expenses  (feed,  straw^  hostlers,  stable 

boss,  medicines),  of  9  horses,  @  46  cents,  or  is.  iid.  17    3 

Shoeing  of  9  horses,  @  6  cents,  or  3d 23 

Maintenance  of  harness  of  9  horses,  @  2  cents,  or  id.  09 
Maintenance  of  9  horses,  @  ^^\  per  cent,  per  year,  for 

depreciation,  equivalent  per  day  for  9  horses  to  .        .  4    9i 

Maintenance  of  car x     8 

Wages  of  driver 7    3l 

Daily  interest  on  cost  of  car  and  9  horses,  ®  6  per  cent, 

per  year i    6J 

Total    .        .        •      35    <>i 

Compared  with  this  amount,  the  cost  of  running  a  steam  car, 
before  estimated  at  29s.  2d.  per  day,  shows  a  difference  of  6s,  4jd. 
per  day,  or  18  per  cent,  in  reduction  on  the  cost  for  horse-power. 


Ransom. 

Mr.  Louis  Ransom*s  steam  car  is  so  constructed  that  the 
machinery  may  be  readily  adapted  to  existing  cars.  A  double- 
crank  axle  with  driving-wheels  for  inside  cylinders,  is  substituted 
for  one  pair  of  ordinary  wheels,  and  the  machinery  is  placed 
horizontally  under  the  floor.    The  two  cylinders  are  cast  in  one 
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piece,  connected  to  the  driving  axle  by  means  of  three  bars,  which 
have  bearings  on  the  axle,  and  form  the  framing  of  the  engine. 

The  valve-gear  consists  of  a  rocking  expansion-link,  vibrating  on 
a  pivot  at  the  middle,  and  worked  by  two  eccentrics.  The  valve- 
spindle  is  connected  to  the  expansion-link  by  a  radius-link,  which 
is  shifted  vertically  for  reversing  and  for  varying  the  degree  of 
expansion.  The  forward  end  of  the  engine-frame,  at  the  cylinders, 
is  supported  by  a  loop  pinned  to  the  bottom  of  the  body.  By  this 
arrangement  the  engine  is  suspended  on  three  points,  and  is  easily 
removed  for  the  purpose  of  repair.  Light  repairs  may  be  made  by 
merely  detaching  the  fore-end  of  the  frame  from  the  body,  and 
letting  it  hang  from  the  crank-axle.  The  machinery  is  accessible 
for  general  purposes  through  trap-doors  in  the  floor.  It  is  enclosed 
in  a  casing  made  so  perfectly  dust-tight  that  even  after  having  run 
all  day  through  dusty  streets  the  engine  is  free  from  dust,  and  is 
actually  covered  with  drops  of  water,  being  the  slight  quantity  of 
steam  condensed  which  escapes  from  the  stuffing-boxes.  The 
boiler  is  placed  a  little  forward  of  the  front  axle  j  the  water-tank 
is  under  the  floor  at  the  rear  end ;  the  body — for  passengers — is 
nearly  equally  divided  forward  and  aft  of  the  hind  axle.  To  quell 
the  noise  of  the  exhaust-steam,  the  steam  is  passed  through  a 
mufiler,  consisting  of  a  box  filled  with  balls  or  pebbles. 

The  body  of  the  car  is  i6  feet  long,  having  seats  for  22  passen- 
gers. The  length  of  wheel-base  is  7  feet — longer  than  what  is 
customary,  but  the  car  runs  by  so  much  the  more  steadily.  It  is 
said  that  there  is  less  tcter  in  passing  over  rough  or  uneven  places 
in  the  line,  although  the  resistance  on  curves  is  greater  than  with 
a  shorter  base.  The  cylinders  are  5^  inches  in  diameter,  with  a 
stroke  of  14  inches.  The  boiler  is  upright,  3  feet  i  inch  in 
diameter,  and  4  feet  8  inches  high,  made  of  one  sheet  of  No.  i 
charcoal  hammered  iron;  it  contains  300  upright  flue -tubes, 
i^  inches  in  diameter,  and  12  inches  long,  making  up  a  heating 
surface  of  1 16  square  feet,  for  a  grate-area  of  6  J  square  feet  The 
pressure  in  the  boiler  is  120  lbs.  per  square  inch ;  the  testing  pres- 
sure was  200  lbs.  The  steam-room  has  26  times  the  capacity  of 
one  cylinder  of  the  engine.    The  car  is  fitted  with  a  steam  brake, 
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having  a  cylinder  3.1  inches  in  diameter,  with  a  stroke  of  8  inches  ; 
the  piston-rod  is  extended  wth  a  rack,  gearing  into  a  toothed 
sector  linked  to  knuckle-jointed  levers,  by  which  the  brake-blocks 
are  forced  against  the  inner  edges  of  the  wheels.  The  steam- valve 
for  the  brake  is  thrown  open  by  the  same  movement  which  closes 
the  regulator. 

In  Januar}',  1876,  one  of  the  Ransom  steam  cars,  constructed 
by  Messrs.  Gilbert,  Bush  &  Co.,  Troy,  N.Y.,  was  placed  on 
the  Coney  Island  Railroad,  4J^  miles  in  length,  where  it  ran 
81  miles  per  day  for  five  months.  The  double  trip  of  nine  miles 
was  made  in  40  minutes,  at  a  gross  average  speed  of  \^\  miles  i>er 
hour.  After  each  double  trip,  the  steam-car  was  *  at  rest  for  50 
minutes.  The  quantity  of  coal  consumed  per  day,  as  fuel,  amounted 
to  600  lbs.  per  day  ;  equivalent  to  7*4  lbs.  per  mile  nm.  The  total 
cost  for  running  81  miles  per  day  was  estimated  at  8*31  dollars,  or 
34s.  7J^d.  per  day — at  the  rate  of  5*13  pence  per  mile  run.  The 
engine  was  sold,  and  went  to  work  on  the  Onondaga  Valley  Road, 
Syracuse,  N.Y. 

Six  Ransom  steam  cars  were  placed  on  the  Market  Street  line, 
Philadelphia,  on  March  21,  1877,  to  work  on  the  Baring  Street 
branch,  on  which  the  maximum  inclines  are  at  the  rate  of  i  in  22, 
with  many  curves.  Though  seated  for  20  passengers,  these  cars 
have  frequently  carried  50  passengers.  Some  difficulties  have  been 
encountered  in  running  the  cars,  which  appear  to  have  been 
scarcely  able  to  cope  with  the  gradients  and  curves  of  the  Baring 
Street  branch.  In  Mr.  Ransom's  opinion,  the  engine  should  have 
had  7 -inch  cylinders  for  this  traffic.  Besides,  the  "  peculiar  greasy 
mud  "  of  the  city  causes  the  ordinary  chilled  cast-iron  driving- 
wheels  to  slip,  a  defect  which  Mr.  Ransom  proposed  to  remedy  by 
the  substitution  of  tyres  of  steel  for  the  driving-wheels.* 

•  The  above  particulars  of  the  performances  of  the  Baldwin  steam 
car  and  the  Ransom  steam  car  are  drawn  from  the  reports  of  the 
Secretary  of  the  Franklin  Institute  upon  "  Steam  on  Street  Rail- 
ways," published  in  The  yournal  of  the  Franklin  Institute^  June 
and  July,  1877. 


CHAPTER  II. 

CURRENT  PRACTICE  IN   THE  EMPLOYMENT  OF 

STEAM  POWER, 

Merryweather. 

Messrs.  Merryweather  &  Sons  were  early  engaged  in  the 
design  and  manufacture  of  tramway-engines.  It  has  already  been 
noted  that  this  firm  constructed  the  machinery  for  the  first  steam-car 
made  for  tramways  in  England,  in  1872,  to  the  designs  of  Mr. 
Grantham.  They  secured  their  first  patent  for  tramway-engines 
of  their  own  design  in  April,  1875.  The  first  engines  on  this 
system  constructed  by  them,  were  to  the  order  of  Mr.  G.  P. 
Harding,  for  working  the  line  of  tramways  in  aris,  4^^  miles  long, 
between  the  Bastille  and  the  Mont  Parnasse  railway  station.  The 
first  of  these  was  started  about  the  month  of  November,  1875,  ^^^ 
in  January,  1878,  thirty-six  of  Messrs.  Merry  weather's  engines 
were  regularly  at  work  on  that  line.  There  were  also  ten  of  their 
engines  on  the  line  from  the  Bastille  to  St.  Mandd.  Many 
improvements,  naturally,  have  been  made  in  the  design  and  con- 
struction of  the  engines.  In  the  earliest  engines,  a  portion  of  the 
exhaust-steam  was  discharged  into  the  ash-pan  and  passed  through 
the  fire,  that  it  might  be  superheated,  and,  mixing  with  the 
remaining  portion  discharged  direct  into  the  chimney,  reduce  the 
visibility  of  the  escaping  steam. 

In  their  later  designs,  Messrs.  Merryweather  disposed  of  the 
exhaust-steam  by  means  of  an  "  auto -absorbing  "  apparatus — a 
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simple  arrangement  in  which  the  steam  was  condensed  by  cold 
water. 

Messrs.  Merryweather  &  Sons  construct  three  classes  of  steam 
locomotives  for  tramways  : — 

1 .  Cylinders,  6  inches  diameter ;  stroke,  9  inches  ;  wheels,  2  feet . 
Weight,  empty,  3 J  tons ;  in  working  order,  4  tons. 

2.  Cylinders,  7  inches  diameter;  stroke,  11  inches ;  wheels,  2  feet. 
Weight,  empty,  5*4  tons  ;  in  working  order,  6  to  6^  tons. 

3.  Cylinders,  7^  inches  diameter;  stroke,  12  inches;  wheels,  2  feet. 
Weight,  empty,  6J  tons  ;  in  working  order,  7J  to  8  tons. 

The  working  pressure  in  the  boiler  is  8  atmospheres,  or  nomi- 
nally 120  lbs.  per  square  inch.  The  guaranteed  maximum  perfor- 
mances are  respectively  as  follows : — 

1 .  To  draw  i  loaded  car,  weighing  7  tons,  up  an  incline  of  i  in  30. 

2.  To  draw  i  loaded  car,  weighing  7  tons,  up  an  incline  of  i  in  18 ; 
or  2  loaded  cars,  weighing  14  tons,  up  an  incline  of  i  in  30. 

3.  To  draw  2  loaded  cars,  weighing  14  tons,  up  an  incline  of  i  in 
16  ;  or  3  loaded  cars,  weighing  21  tons,  up  an  incline  of  i  in  20. 

Engines  of  the  third  class  have  taken  three  cars  up  an  incline  of 
I  in  18,  at  regular  work. 

The  tramway  locomotives  of  Messrs.  Merryweather  &  Sons, 
worked  on  the  Southern  Tramways  of  Paris,  thirty-six  in  number, 
had,  as  already  mentioned,  two  cylinders,  6  inches  in  diameter, 
with  a  stroke  of  9  inches.  The  cylinders  are  horizontal,  inside 
the  framing,  and  connected  to  cranks  on  the  driving-axle.  There 
are  two  pairs  of  driving-wheels  of  cast  steel,  coupled,  2  feet  in 
diameter,  4  feet  7  inches  apart  between  centres  of  axles.  The 
blast-orifice  is  annular  in  form,  and  has  an  area  of  i  square 
inch,  being  about  1-2  8th  of  the  area  of  the  pistons.  The  length 
of  the  frame  is  about  8  feet,  and  the  width  is  6  feet  Over  the 
buffers,  which  are  central,  the  extreme  length  is  about  8  feet  10 
inches.  The  load  is  carried  by  a  pair  of  helical  springs  over  each 
journal.  The  buffing  and  draw-springs,  of  india-rubber,  at  each 
end,  are  well  connected  to  the  frame,  the  attachment  having  been 
taken  as  near  to  the  centre  of  the  machine  as  was  conveniently 
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practicable.  A  close-laid  draw-pin  eases  the  traction  very  much, 
compared  with  a  distant  draw-pin.  The  engine  is  braked  by  cast- 
iron  blocks,  applied  one  to  each  wheel.  The  whole  machine  is 
enclosed  in  a  large  wooden  box,  made  like  a  short  tramway-car, 
having  several  windows.  The  fire-box  is  2  feet  wide,  and  i  foot 
6  inches  long.  The  barrel  of  the  boiler  is  2  feet  9  inches  long, 
and  2  feet  3  inches  in  diameter ;  it  contains  65  flue- tubes,  i  J  inches 
in  diameter,  and  3  feet  long : — 

Squarn  fe«t. 

Heating  surface  in  fire-box  ....       i6'o 


Do.  do.        tubes 

Total 
Area  of  fire-grate 

Ratio  of  grate  to  heating  surface 


.      89-3 

•     io5'3 

3 

I  to  35. 


The  pressure  in  the  boiler  is  nominally  8  atmospheres,  or  120 
lbs.  per  square  inch  ;  but  the  working  pressure  usually  maintained 
is  6  atmospheres,  or  90  lbs.  per  square  inch.  The  steam  is  cut  off 
in  the  cylinders  at  from  i-4th  to  3-4 ths  of  the  stroke.  The 
length  of  the  journey  is  4  miles,  between  the  Bastille  and  the  Gare 
de  Mont  Parnasse,  on  which  the  maximum  incline  has  a  gradient 
of  I  in  50,  whilst  there  are  long  inclines  of  from  i  in  60  to  i  in  70. 
The  speed  is  limited  by  law  to  9  kilometres,  or  a  little  over  5A 
miles  per  hour;  but  it  occasionally  rises  to  14  or  15  miles  per 
hour,  and  the  average  speed,  including  stoppages,  is  8A  miles  per 
hour.  The  weight  of  the  engine,  empty,  is  3  J  tons ;  with  coke 
and  water,  4  tons.  It  draws  a  car  which,  when  loaded,  weighs 
7  tons;  and  it  can  ascend  the  inclines  with  its  load,  and  keep 
time,  with  a  pressure  in  the  boiler  of  90  lbs.  per  square  inch.  The 
fuel  (coke)  consumed  per  day,  amounts  to  550  lbs.  for  a  total  dis- 
tance run  of  100  miles: — at  the  rate  of  5 A  lbs.  per  mile.  The 
combustion  of  the  fuel  proceeds  at  a  comparatively  low  rate.  Sup- 
posing that  the  average  actual  speed  while  running  is  10  miles  per 
hour,  the  quantity  of  coke  consumed  per  hour  would  be  (10  x  5*5 
=)  55  lbs.,  equivalent  to  (55  -j-  3  =)  iSj  lbs.  per  square  foot  of 
grate.     In  the  ordinary  practice  of  locomotives  on  railways,  the 
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quantity  of  fuel  consumed  per  square  foot  of  grate  per  hour  amounts 
to  three  or  four  times  as  much.  The  comparatively  low  rate  in  the 
Merryweather  engine  is  easily  accounted  for  by  the  comparatively 
low  speed,  and  the  reduced  blast  and  draught  which  are  required 
for  the  generation  of  steam.  It  is  true,  the  area  of  the  blast-orifice 
is  contracted  to  i-28th  of  that  of  the  pistons,  which  is  a  very  small 
fraction,  and  would  cause  great  back-pressure  on  the  pistons  if  the 
engine  travelled  at  a  high  speed.  But  it  is  to  be  observed  that  the 
pistons  travel  at  a  comparatively  low  speed.  The  wheels,  2  feet 
in  diameter,  and  6*28  feet  in  circumference,  make  (5,280  -s-  6*28  =) 
841  turns  in  a  mile,  or  in  (60  -j-  10  =)  six  minutes  of  time,  when 
the  speed  is  ten  miles  per  hour.  The  number  of  turns  per  minute 
is,  then  (841  -h  6  =)  140  ;  and,  as  the  double  stroke  of  the  piston 
is  (9  X  2  =)  18  inches,  or  1*5  feet,  the  speed  of  the  pistons  is 
only  (140  X  I '5  =)  210  feet  per  minute. 

The  engines,  more  recently  constructed,  for  the  tramway  fit>m 
the  Bastille  to  St.  Mand^,  are  more  powerful  than  those  just 
described.  They  have  7-inch  cylinders,  with  a  stroke  of  1 1  inches, 
and  2 -feet  wheels.  The  fire-box  is  2  feet  2  inches  by  2  feet, 
having  an  area  of  4*33  square  feet  of  grate.  The  fire-box  surface 
is  24*5  square  feet;  there  are  79  flue-tubes,  ij  inches  in  diameter 
outside,  and  3  feet  6  inches  long,  giving  126  6  square  feet  of 
heating  surface.  The  total  heating  surface  is  151 'i  square  feet, 
and  it  amounts  to  35  times  the  area  of  grate.  The  diameter  of 
the  barrel  of  the  boiler  is  2  feet  6  inches;  the  length  of  the 
engine,  over  all,  is  6  feet  7  inches,  and  the  length  of  the  wheel- 
base  is  4  feet  6  inches. 

Additional  engines  of  equal  power  have  been  constructed  for 
other  lines  of  tramway  in  Paris. 

.  The  locomotives  constructed  for  the  tramway  from  Barcelona 
to  St.  Andres,  on  a  i -metre  gauge,  have  6-inch  cylinders,  with  a 
stroke  of  9  inches,  and  four  2 -feet  wheels,  coupled.  The  fire-grate 
has  3  square  feet  of  area.  The  barrel  of  the  boiler  is  27  inches  in 
diameter  ;  and  there  are  96  flue-tubes,  i  J  inches  in  diameter,  and 
3  feet  in  length.  The  heating  surface  of  the  fire-box  is  16  square 
feet,  of  the  tubes  102*7  square  feet,  total  surface  1187  square  feet. 
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A  tank  to  hold  a  supply  of  cold  water,  300  gallons,  for  condensing 
the  steam,  is  placed  overhead.  The  exhaust-steam  is  discharged 
from  the  cylinders  into  an  apparatus  like  an  ejector,  in  the  lower 
part  of  the  engine,  to  which  the  water  is  conducted  from  the  tank, 
where  it  meets  and  condenses  the  exhaust  steam,  and  whence  it 
returns  by  a  return-pipe  to  the  tank.  The  water,  of  course,  becomes 
gradually  heated,  but  the  condensation  of  the  steam  is  effective,  and 
there  is  no  appearance  of  escaping  steam  until  the  temperature  of 
the  water  arrives  near  the  boiling  point  Possessing  so  wide  a 
range  of  effective  action,  a  tankful  of  cold  water  lasts  good,  for 
condensing  the  exhaust-steam,  for  two  hours,  over  a  distance  of 
more  than  10  miles.  The  distance  to  be  run  before  the  water  can 
be  heated,  from,  say,  60°  F.  to,  say,  180°  F.,  is  easily  determined. 

The  quantity  of  fuel  consumed  per  mile  is  5  lbs.,  evaporating, 
say,  7  lbs.  of  water  per  lb.  of  fuel.  The  quantit}'  of  steam  generated 
per  mile  would  be  (5  X  7  =)  35  lbs.,  exhausted  at,  say,  a  pressure 
of  3  Jbs.  per  square  inch.  The  total  heat  of  i  lb.  of  steam  of  3 
lbs.  effective  pressure  per  square  inch  is  1,117  units,  reckoned  from 
a  temperature  of  62°  F.,  or  967  units,  reckoned  from  212°.  The 
mean  total  heat  per  pound  of  steam  to  be  extracted  by  condensa- 
tion is  (1117  +  967)  -r-  2  =)  1,042  units.  Each  pound  of  con- 
densing water  absorbs  (180  —  62  =)  n8  units  of  heat,  when 
heated  from  62°  to  180° ;  and,  to  condense  i  lb.  of  steam,  the 
quantity  of  water  required  is  (1042  -4-  118  =)  8*8  lbs.  The  total 
weight  of  water  in  the  tank  is  (300  gallons  x  lo  =)  3,000  lbs. ; 
and  (3000  -*-  8'8  =)  341  lbs.  of  steam,  is  the  total  quantity  that 
may  be  condensed  by  the  store  of  condensing  water.  As  35 
lbs.  of  steam  is  consumed  per  mile,  the  supply  of  condensing 
water  would  last  for  (341  -j-  35  =)  10  miles,  equivalent  to  30 
gallons  per  mile — a  result  of  calculation  which  agrees  with  the 
results  of  practice. 

For  occasional  use,  a  blast-pipe  is  adopted  for  exhausting  the 
steam  into  the  chimney  ;  it  is  fitted  with  the  means  of  contracting 
the  area  of  the  orifice,  by  a  conical  plug  with  a  rack-and-pinion 
movement.  A  steam-jet  is  also  available  at  will,  by  a  nozzle 
placed  concentrically  within  the  blast-pipe.     Two  truncated  cones 
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are  placed  one  above  the  other,  over  the  blast-pipe  and  below  the 
chimney,  through  which  the  blast  is  directed  upwards.  They  are 
useful  in  inducing  the  draught  from  the  lower  rows  of  flue-tubes,  as 
well  as  from  the  upper  rows ;  and  they  assist  the  absorption  of  the 
exhaust  steam  by  the  hot  air,  whereby,  except  in  very  cold  weather, 
it  issues  from  the  chimney  invisible ;  so  far  dispensing  with  the 
use  of  the  water-condenser. 

The  Barcelona  Tramway  was  opened  in  November,  1877.  The 
engines  each  take  two  loaded  cars  up  inclines  of  i  in  30.  The 
additional  engines  supplied  by  the  same  makers  have  cylinders 
7  inches  in  diameter,  of  the  same  power  as  the  later  engines 
constructed  for  the  Paris  Tramways.  They  weigh,  empty, 
7i  tons. 

The  engines  each  run  about  90  miles  per  day,  from  5  a.m.  till 
9  P.M.  Each  train  consisted  of  two  second-class  cars  and  one  first- 
class  car.  The  engine  stock  consists  of  five,  having  6-inch  cylin- 
ders, already  described  and  illustrated;  and  five  others  having 
7 -inch  cylinders  with  11  inches  of  stroke,  weighing,  empty,  about 
7A  tons.  Don  Alejo  Soujal,  the  chief  director  of  the  line,  is 
about  to  construct  other  tramways,  which,  in  view  of  the  success 
of  the  Barcelona  line,  will  be  worked  by  steam  power. 

Merry  weather's  Latest  Condensing  Tramway  Locomotive, — This 
engine  is  constructed  for  a  gauge  of  4  feet  8A  inches,  and  is 
fitted  with  two  7i-inch  cylinders  inside  the  longitudinal  frame- 
plates.  It  has  two  pairs  of  28-inch  wheels,  coupled,  on  a  base 
5  feet  long.  The  cylinders  are  inclined  to  clear  the  coupled  axle, 
and  they  are  fitted  with  *the  ordinary  shifting  link  motion,  with 
reversing  gear  at  each  end  of  the  engine.  The  boiler  is  of  the 
locomotive  type,  of  mild  steel,  with  a  copper  fire-box  2  feet  3J 
inches  square,  and  85  brass  tubes  i }  inches  in  diameter  outside, 
4  feet  long.  The  heating  surface  is  181  square  feet  The  work- 
ing pressure  is  150  lbs.  per  square  inch.  The  ash-pan  is  specially 
designed  to  prevent  the  dropping  of  cinders  or  the  showing  of  fire. 
It  can  be  easily  cleaned  out  when  required.  The  ash-pan  damper 
can  be  worked  from  either  end  of  the  engine.  The  wheels  are 
of  steel,  fitted  with  rolled  steel  tyres  secured  by  screws.    The 
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exhaust  steam  is  condensed  in  an  air-condenser,  consisting  of  404 
thin  I -inch  copper  tubes,  laid  in  three  double  tiers,  5  feet  10  inches 
long,  making  617  square  feet  of  condensing  surface,  transversely 
over  the  roof.  These  are  fastened  by  ferrules  at  each  end  to  longi- 
tudinal copper  passages  or  ducts,  into  which  the  exhaust  steam  is 
discharged,  and  from  which  the  steam  is  free  to  pass  into  the 
transverse  tubes.  The  ducts  are  divided  by  internal  partitions  into 
sections  in  order  to  direct  the  flow  of  steam  alternately  from  one 
side  to  the  other. 

In  order  to  fulfil  the  conditions  laid  down  by  the  Board  of  Trade 
a  centrifugal  governor  is  employed,  driven  by  gearing  direct  from 
the  driving-axle,  by  the  action  of  which  the  throttle-valve  is  closed 
when  the  speed  exceeds  8  miles  per  hour.  Should  the  speed  in- 
crease, nevertheless,  a  small  steam- valve  opens  automatically  for 
steam  to  the  break-cylinders,  by  which  the  break  is  applied. 
When  the  speed  is  reduced  below  the  assigned  limit  the  break  is 
thrown  oflf.  The  steam  break  can  also  be  applied  by  the  driver's 
foot  on  a  treadle.  All  hand-gear  is  in  duplicate,  being  at  each 
end  of  the  foot-plate. 

The  engine,  empty,  weighs  about  8  tons,  and  with  water  and 
fuel  about  9  tons.  The  engine,  it  is  stated,  can  take,  in  ordinary 
working,  80  passengers  on  an  incline  of  i  in  20. 

Casseiy  Guernsey,  and  IVe/Iing/on,  JV.Z, — The  engines  of  the 
Cassel  Tramway,  opened  in  August,  1877,  were  supplied  by 
Messrs.  Menyweather  &  Sons.  They  were  constructed  with 
7i-inch  cylinders,  having  12  inches  of  stroke.  They  draw  three 
loaded  cars  and  one  luggage  truck  over  the  road,  on  which  the 
inclines  are  severe;  some  of  them  equal  to  i  in  16. 

The  Guernsey  Steam  Tramway,  to  connect  the  to^vn  of  Guern- 
sey with  the  town  and  harbour  of  St.  Peter  Port,  and  St  Samp- 
son's, was  opened  in  1878.  It  is  about  3  miles  long,  constructed 
to  a  gauge  of  4  feet  Si  inches,  having  a  ruling  gradient  of  i  in  32, 
with  curves  of  which  the  quickest  is  of  50  feet  radius.  The  line 
is  worked  by  Menyweather  engines,  having  7 -inch  cylinders. 
E^ch  engine  on  duty  runs  72  miles  daily;  but  on  Saturdays  88 
miles.     The  train  consists  of  2  cars,  first  and  second  class,  and 
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one  luggage  truck,  except  in  the  morning  and  evening,  when  one 
extra  car  is  attached  for  workmen. 

The  first  tramways  in  New  Zealand  were  opened  in  February, 
1878,  at  Wellington.  The  locomotives,  supplied,  by  Messrs. 
Merryweather  &  Sons,  have  7 -inch  cylinders,  with  an  11 -inch 
stroke.    The  gauge  is  3  feet  6  inches. 


Merryweather. — Rouen  Tramways, 

Of  the  Merryweather  tramway  engines  that  were  at  work  on 
the  Southern  Tramways  of  Paris,  at  the  time  of  Mr.  Harding's 
contract,  in  1878, .  jo  engines  were  translated  to  the  Rouen 
Tramways,  the  engine-stock  of  which  lines  was  in  1881  as 
follows : — 


Engines. 


Cylinders. 


Wheels. 


We5»ht 
empty. 


6,  Merryweather  &  Co. 
A,  Merryweather  &  Co. 

0,  Fox,  Walker  &  Co.  . 

1,  Fox,  Walker  &  Co.  (6  wheels) 
6,  Compagnie  de*  Fives-Lille 


Inches    Inches 

9 


6 

7 
8 

7 

7 


II 
12 
10 
II 


Feet. 
2 
2 

2\ 
oX 

2 


Tons. 

I 

5} 


All  of  these  engines,  excepting  three  from  the  Fives-Lille 
Company,  had  done  service  on  the  Southern  Tramways  of  Paris 
at  the  time  of  Mr.  Harding's  contract  There  were  17  engines 
on  the  working  list,  of  which  13  usually  were  in  working  order, 
and  4  under  repair. 

The  ruling  gradient  on  the  Rouen  Tramways  is  i  in  20,  at  one 
end  of  the  line,  on  a  very  sharp  curve  at  the  commencement 
There  are  also  a  long  incline  averaging  i  in  40,  and  other  inclines. 
The  average  number  of  miles  run  per  day  per  engine  on  duty  is 
56  miles.  The  speed  is  fixed  at  5  miles  per  hour  within  the  town, 
and  8  miles  per  hour  outside.  This  speed  is  frequently  exceeded, 
as  the  line  is  single,  with  passing  places,  and  time  must  be  kept 


MERRYWEATHER'S  LOCOMOTIVES, 


445 


The  working  pressure  varies  from  8  to  lo  atmospheres,  and  the 
engines  are  non-condensing.  The  running  expenses  for  locomo- 
tive-power per  mile  run  (March,  1881),  were  as  follows : — 

Pence. 

Coke,  5*360  kilogrammes,  or  1 1'S  lbs.  @  28 J  francs  per  ton  1*53 

Oil,  '087  kilogramme,  or  -19  lb.  (?>  85  francs  per  100  kilos  .  "J2^ 
Tallow,  '013  kilogramme,  or  '0286  lb.  @  100  francs  per  100 

kilos '13 

Waste,  water,  anti-corrosive  fluid,  trimmings,  &c.     .  -16 


Stores  consumed  for  depdt  and  reserve  engines,  coke,  fire 
wood  for  lighting  up,  packing,  trimmings,  &c. 


Stores  

Wages  of  drivers  (5s.  per  day),  firemen  (3s.  4d.  per  day), 
night  cleaners,  and  fitters,  yard  men  and  foremen  . 

Running  expenses      .... 
Repairs  of  engines, — wages  (i"68d.)  and  stores  (r33d.) 

Total  working  cost,  per  mile  run 


2*55 

■36 
2*91 

2*20 

5-1^ 
3-01 

8*12 


Mr.  J.  Arthur  Wright,  the  Engineer  and  General  Manager  of 
the  Rouen  Tramways,  who  supplied  the  foregoing  statement  of 
cost,  explained  that  the  comparatively  large  item  for  repairs  of 
engines,  3*oid.  per  mile  run,  may,  by  alterations  he  is  making  in 
some  of  the  engines, — stiffening  the  framing,  and  enlarging  the 
working  bearings,  &c. — be  eventually  reduced  to  from  lid.  to  i  Jd. 
per  mile  run,  which  is  about  what  the  best  of  the  Merryweather 
engines  are  costing.  The  total  working  cost  for  engine-power 
would  then  amount  to  from  6 id.  to  yd.  per  mile  run.  In  18C0, 
the  cost  for  repairs  to  engines  varied  from  2*49d.  in  July,  to 
3-65d.  in  December. 

Although  the  average  mileage  run  by  engines  has  been  taken  at 
56  miles-run  per  day,  the  following  for  three  recent  months  give 
higher  averages : — 


February,  1881 
March         ,, 
April 


Engine-               Per 

Miles 

Per  engine 

d.ivs.                duMii. 

run. 

per  d.iy. 

209      =       7*46 

12,816 

61-32 

224      =      ']*22 

15.056 

67*21 

267      =      8-96 

15.565 

57-85 
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The  consumption  of  coke  by  engines,  at  the  same  time,  was : — 

February,  1881  .    818  lbs.  =   13*35  lbs.  per  mile  run. 

March         ,,  .     785    „     =   1170   „  ., 

April  ,,  .         .    649    „      «   11-00   .,  „ 

For  regular  service,  there  are  8  engines  in  steam  on  week-days, 
of  which  6  are  on  active  duty,  and  2  in  reserve  as  relief  engines. 
On  Sundays  and  holidays,  there  are  11  engines  in  steam.  On 
week-days,  the  average  number  of  hours  on  duty  with  trains, 
is  10  hours  8  minutes;  and  in  steam,  12  hours  40  minutes.  On 
week-days,  one  car  ordinarily  is  run  as  a  train,  weighing  from 
2  tons  18  cwt.  to  3  tons  empty,  or,  with  46  passengers,  an  average 
of  6  tons  7  cwt  gross.  Twice  a  day,  two  cars  are  run  for  workmen's 
trains;  and  on  Sundays  also:  making  a  load  of  12^  tons  gross, 
which  is  as  much  as  the  engines  can  do  on  the  heavier  inclines. 

Assuming  that  the  general  average  weight  of  the  train  is 
7i  tons,  and  of  the  engine  with  fuel  and  water  6i  tons ;  the  gross 
average  weight  moved  would  be  14  tons  for  each  engine ;  and 
the  fuel,  1 1  '8  lbs.  consumed  per  mile,  would  average  '85  lb.  per 
ton-gross  per  mile. 


Merryweather. — Dewsbury,  Batley,  and  Birstal  Tramway. 

The  Dewsbury,  Batley,  and  Birstal  Tramway,  already  described, 
is  made  vAxh  an  easy  falling  gradient  of  about  i  in  200,  from 
Birstal  to  Dewsbury.  It  is  worked  with  Merryweather  engines, 
condensing,  having  6^-inch  cylinders,  with  a  lo-inch  stroke,  and 
four  coupled  wheels,  2  feet  2  inches  in  diameter. 

The  Batley  Engines  are  illustrated  by  Figs.  291  to  294.  The 
cylinders  are  placed  inside  the  framing,  and  are  joined  together 
at  the  middle,  where  they  form  the  valve-chest,  whilst  a  saddle  is 
placed  on  each  half,  for  the  purpose  of  supporting  the  boiler  at 
the  smoke-box.  The  guide-bars  are  of  steel,  the  crosshead  is  of 
cast  steel,  and  the  crosshead-slippers  are  of  cast  iron,  having 
large  wearing  surfaces.     The  guide-bars  are  supported  by  a  cross 
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plate,  which  they  considerably  overhang  in  the  direction  of  the 


1 


Fig.  291.  Tramway  Locomotive,  by  Meiryweather  &  Sons,  for  Ihe  Dewsbury,  Bailey, 
and  Birstal  Tramways. — Longitudinal  Section.     Scale  -^i. 


fire-box.     The  guides  for  the  valve-spindles  are  carried  by  the 
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same  plate.  The  link-motion  is  of  the  ordinary  shifting-link 
type.  The  excentrics  and  hoops  are  of  cast  iron.  The  coupling- 
rods  are  made  with  solid  ends,  having  phosphor-bronze  bushes. 
All  the  oil-cups  are  forged  or  cast  solid  on  the  moving  parts. 


Fig.  192.     Meirywealher's  Engine,— J iaiiaver=e  Section.     Scale  -,'(- 

The  wheels  and  axles  are  of  steet,  the  crank-pins  in  the  wheels 
are  casehardened.  The  brake  is  applied  to  all  the  wheels.  The 
boiler  is  of  the  usual  locomotive  type,  of  Lownioor  iron  through  out, 
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double-riveted  in  the  longitudinal  seanu    It  is  fed  by  a  feed-pump 
driven  by  a  special  excentric,  and  by  Giffard's  injector. 


Fig.  193,    Menyweathet's  Engine. — Plan  above  foot-plate.     Scale  A. 

The  whole  of  the  engine-work  has  been  made  of  unusual 
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etrengtfa,  in  order  to  provide  for  wear  and  tear  by  dirt,  dust,  and 
rough  usage. 


Fio.  194.    Merryweither'i  Engine. — Plan  below  foot-pUle,     Scile  ^^. 
The  feed-tank,  holding  100  gallons,  is  placed  in  front  of  the 
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smoke-box.  A  fender-plate  is  fixed  at  each  end  of  the  engine, 
to  remove  obstructions,  and  to  obviate  any  chance  of  running 
over  any  person.  Plates  are  also  run  along  each  side  to  conceal 
the  wheels  and  the  coupling-rods.  The  whole  of  the  work  is 
enclosed  in  a  cab  or  casing  of  sheet-iron  on  angle-iron  framing, 
13  feet  in  length,  6  feet  4  inches  in  width,  and  about  Z\  feet 
above  the  rails. 

The  condenser,  placed  above  the  roof,  consists  of  four  hori- 
zontal layers,  slightly  arched,  of  thin  copper  tubes,  laid  trans- 
versely across  the  roof.  The  tubes  are  i  inch  in  diameter  outside. 
No.  26  wire-gauge,  or  -jV  inch  in  thickness,  and  are  each  6  feet 
in  length.  There  are  60  tubes  in  each  layer,  or  240  tubes  in  the 
four  layers,  coated  with  brown  varnish  to  augment  their  radiating 
power.  They  are  brazed  at  the  ends  into  3-inch  longitudinal 
pipes,  3  inches  in  diameter  outside,  four  on  each  side,  11  feet 
long.  The  exhaust-steam  is  discharged  by  two  copper  pipes,  one 
to  each  side,  into  the  uppermost  longitudinal  pipe,  whence  it 
circulates  through  the  transverse  tubes.  The  condensation-water 
and  the  remaining  vapour  are  conducted  into  a  separator-vessel 
at  the  front,  whence  the  water  runs  down  to  the  feed-water  tank, 
and  the  vapour  passes  away  into  the  smoke-box,  where  it  is  mixed 
with,  and  disappears  with  the  products  of  combustion.  So  efficient 
is  the  condenser  that  the  engine  can  be  worked  all  day  with  one 
charge  of  the  feed-water  tank.  This  tank  holds  only  100  gallons, 
and  the  quantity  consumed  as  uncondensed  steam  or  otherwise 
does  not  exceed  50  gallons  for  the  day. 

The  engine  is  iitted  with  apparatus  to  fulfil  the  requirements 
of  the  Board  of  Trade.  A  ball-governor  placed  over  the  foot- 
plate at  one  side  is  provided  for  the  purpose  of  shutting  off  the 
steam,  and  turning  on  a  steam-brake,  when  the  maximum  speed 
allowed — 10  miles  per  hour — is  reached.  The  steam-brake  may 
also  be  turned  on  by  means  of  a  small  pedal  placed  near  the  foot 
of  the  driver.  Steam-levers  and  reversing-levers  are  fitted  in 
duplicate,  one  of  each  at  each  end  of  the  engine,  so  that  the 
driver  may  take  his  place  at  the  leading  end  of  the  engine,  which- 
ever end  goes  first     A  speed-indicator  is  also  erected.     The 

G  G  2 
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governor  is  driven  by  means  of  a  pitch-chain  from  the  crank- 
shafty  and  the  speed-indicator  is  driven  by  a  band  from  the 
governor-spindle. 

The  fire-box  is  i  foot  lo  inches  long  by  2  feet  wide,  inside ; 
and  is  2  feet  i^  inches  high  above  the  grate.  The  barrel  of  the 
boiler  is  2  feet  4  inches  in  diameter  inside.  There  are  64  flue- 
tubes  1}  inches  in  diameter  outside,  and  5  feet  in  length.  The 
grate-area  is  3*8  square  feet,  and  the  heating-surface  is  169*2  square 
feet,  or  44j^  times  the  grate-area.  The  condensing  surface  of  the 
condenser  amounts  to  377  square  feet  for  the  i-inch  tul>es,  and 
69  square  feet  for  the  longitudinal  pipes;  together,  446  square 
feet  of  condensing  surface. 

The  working  pressure  of  steam  in  the  boiler  is  140  lbs.  per 
square  inch.  There  are  two  safety-valves  on  the  boiler,  one  of 
which  is  a  lock-up  valve.  Steam  escaping  by  the  safety-valves  is 
conducted  to  the  exhaust-pipe,  and  thence  into  the  condenser. 
The  steam  is  supplied  to  the  cylinder  through  a  perforated  steam- 
pipe  at  the  upper  part  of  the  boiler.  The  cylinders  are,  as  before 
stated,  6^  inches  in  diameter,  with  a  stroke  of  10  inches.  The 
wheels  are  2  feet  2  inches  in  diameter,  placed  at  4^  feet  centres. 
The  whole  of  the  machinery  is  encased  from  below.  The  weight 
of  the  engine,  empty,  is  6  tons;  and,  in  working  order,  with  water 
and  fuel,  7  tons.  The  price  of  the  engines  was  about  ^750  for 
each  engine,  or  at  the  rate  of  ;^I25  per  ton  of  the  net  weight 

£nginc. 

No.  I 
No.  2 

No.  3 
No.  4 
No.  5 


The  weight  of  one  car  drawn  is  2  tons  4  cwt  and  of  1 1  passen- 
gers— ^the  average  number — 16  cwt. :  together,  3  tons.  Add  the 
weight  of  the  engine  itself,  7  tons,  making  the  gross  load  drawn 
10  tons.     Occasionally,  an  extra  car  is  attached,  and  it  is  taken 


Commenced 
running. 

April  10,  1880 
Oct.  30      „ 
Dec.  7 
Dec.  II      ,, 
Jan. I,  1S81 

Miles  run,  by 
March  22,  i88x 

15,000 
8,000 

6,000 

5»90o 
4,800 

Total  miles  run     . 

.        .SQ,700 
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with  ease.  The  length  of  the  line  is  3  J  miles,  and  in  the  course 
of  the  journey  the  train,  passing  through  a  continuously  populated 
district,  is  pulled  up  from  15  to  25  times  each  way.  The  double- 
journey  of  6^  miles  is  performed  in  65  minutes,  including  all 
stoppages — making  an  average  speed  of  6  miles  per  hour. 

The  total  weight  of  coke — Straker  &  Son's — consumed  in 
running  the  mileage,  39,700  miles  run,  was  122^  tons,  costing 
33s.  6d.  per  ton ;  being  at  the  rate  of  6-911  lbs.  per  mile,  costing 
•87 2d.  per  mile ;  or  '69  lb.  per  ton-gross  per  mile. 

The  wages  of  drivers  is  5s.  per  day ;  of  cleaners,  2s.  6d. ;  coke- 
and-water  men.  2  s.  6d. ;  mechanic,  8s.  4d. 

The  working  expenditure  per  day,  running  72  miles,  is  as 
follows  (March,  1881)  : — 

8.      d. 

Coke 5    2j 

Water,  150  gallons,  including  water  for  washing  out  o     \\ 

Oil,  i^  pints 06 

Waste,  ^  lb 01^ 

Driver's  wages 50 

Cleaner's  wages,  proportion 10 

Coke-and- water  man's  wages,  do 06 

Mechanic's  wages,  do 16 

Total  expenditure  per  day        .        .  13  iij 

equivalent  to  2  •33d.  per  mile  run.  The  cost  for  repairs,  included 
in  the  above,  has  been  but  nominal,  for  the  time  the  engine  has 
been  at  work.  The  springs  have  given  a  little  trouble  by  breakage, 
caused,  it  was  believed,  by  deficiency  of  strength  of  the  way,  which 
was  not  constructed  for  engine-haulage. 

For  comparison  with  the  cost  above  given,  of  working  the 
traction  by  engine-power,  Mr.  Truswell  gave  the  cost  for  horse- 
power, where  two  horses  are  harnessed  to  the  car,  for  which  ser- 
vice he  employs  a  stud  of  eight  horses.  For  provender,  water, 
driver's  and  stableman's  wages,  proportion  of  wages  of  a  man  for 
chopping  and  mixing  provender,  shoeing,  harness,  and  veterinary 
services,  the  cost  is  at  the  rate  of  4id.  per  mile  run  by  the  car — 
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about  double  the  cost  for  engine-powen  The  comparison  is  neces- 
sarily imperfect. 


Merryweather. — Stoke-on-Trent  and  District  Tramways. 

Two  engines  constructed  by  Messrs.  Merryweather  &  Sons  for 
the  servive  of  the  Stoke-on-Trent  and  District  Tramways,  on  a 
gauge  of  4  feet,  are  arranged  similarly  to  the  Batley  engines ;  but 
they  are  larger  in  dimensions,  and  are  fitted  with  an  ordinary 
water-condenser,  placed  in  the  roof  of  the  engine-house  or  cab. 
The  engine,  Fig.  295,  has  7^inch  cylinders,  with  a  stroke  of 
12  inches,  and  four  coupled  wheels  2  feet  4  inches  in  diameter,  at 
4^  feet  centres.  The  barrel  of  the  boiler  is  2  feet  6  inches  in 
diameter  inside ;  the  fire-box  is  2  feet  2  inches  square,  and  2  feet 
7  inches  high  above  the  grate.  There  are  78  flue-tubes  1}  inches 
in  diameter  outside,  and  5  feet  long.  The  grate-area  is  4*8  square 
feet,  and  the  heating  surface  is  197*3  square  feet,  equal  to  41  times 
the  grate-area.  The  condensing  tank  holds  400  gallons.  The 
total  length  of  the  engine  is  13  feet,  and  the  width  is  6^  feet. 
The  weight,  empty,  is  7^  tons ;  with  fuel  and  water,  lo^  tons.  The 
exhaust-steam  is  delivered  from  the  exhaust-pipe,  at  a  level  abovQ 
the  top  of  the  tank,  into  a  concentric  chamber,  whence  it  escapes 
through  an  injector,  or  inductor,  within  the  tank,  placed  horizon- 
tally on  the  floor  of  the  tank.  A  continuous  circulation  of  the 
water  is  thereby  set  up,  and  all  the  water  is  brought  successively 
into  contact  with  the  steam  to  condense  it.  At  the  summit  of  the 
cylindrical  exhaust-chamber  there  are  two  small  vacuum-valves, 
through  which  air  is  admitted,  destroying  any  degree  of  vacuum 
that  may  be  formed  in  the  chamber,  and  so  preventing  back- flow 
into  the  cylinders.  Overflow  from  the  tank  is  conducted  to  the 
feed  water- tanks,  in  front  and  below  the  foot-plate.  Steam  from 
the  safety-valves  is  conducted  into  the  smoke-box,  whence  it 
passes  off  with  the  gaseous  products  of  combustion.  The  price 
of  the  engines  was  about  ;£^8oo  each. 

The  Stoke  line  has  severe  and  continuous  gradients,  some  of 
them  being  i  in  16,  others  i  in  18  and  i  in  20.     The  cars  weigh 
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from  3^  to  3  tons,  and  are  constructed  to  cany  48  passengers ; 


and  District  Tramways. — Vertical  SectioD.    Scale  >V- 
occasionally  from  80  to  100  passengers  are  carried  in  a  car.    The 
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engines  take  with  ease  a  loaded  car,  weighing  with  passengers 
9  or  lo  tons,  up  the  steepest  inclines,  at  a  speed  of  from  4  to  5 
miles  per  hour.  The  two  Merryweather  engines  commenced 
operations  in  April,  1881.  Additional  engines,  constructed  by 
the  same  firm,  were  employed  to  work  the  extension  to  Hanley 
and  Burslem,  having  lo-inch  cylinders,  with  a  stroke  of  15  inches. 
It  may  be  questioned  whether  there  is  to  be  found  in  England  any 
worse  combination  of  circumstances  than  those  which  have  to  be 
met  in  the  working  of  the  Stoke  line. 


Hughes. 

Mr.  Henry  Hughes  brought  out,  early  in  1876,  a  tramway  loco- 
motive«  "The  result  of  my  experiments,"  he  said,  on  his  exa- 
mination as  a  witness  by  the  committee  on  Mechanical  Power  on 
Tramways,  "  is  that  I  have  produced  an  engine  of  the  ordinary 
locomotive  type,  which  can  be  worked  without  showing  any  steam, 
which  is  practically  noiseless,  and  in  which  we  can  keep  up  the 
steam  without  the  aid  of  a  blast ;  and  it  shows  no  smoke  because 
we  use  coke  as  a  fuel.  It  is  covered  in  similarly  to  an  ordinary 
car,  and  consequently  does  not  fiighten  horses  more  than  ordinary 
cars  do."  These  are,  concisely  stated,  the  conditions  for  the 
success  of  mechanical  power  on  tramways. 

The  means  for  condensing  the  exhaust-steam,  which  is  the 
novel  feature  of  this  engine,  was  patented  in  January,  1876.  Each 
blast  of  exhaust-steam  is,  by  an  automatic  action,  condensed  as  it 
issues  from  the  exhaust-pipe,  by  a  shower  of  cold  water,  let  off  in 
regulated  quantities  at  the  instant  of  the  exhaust  The  exhaust- 
steam,  arriving  by  a  branch  from  the  exhaust-pipe,  blows  open  a 
valve  on  the  end  of  the  branch,  and  escapes  into  a  small  chamber 
— the  condenser.  By  the  same  impulse,  another  valve  in  the 
bottom  of  a  water-tank,  connected  with  the  exhaust-valve,  and 
moving  simultaneously  with  it,  is  opened,  and  discharges  water 
into  the  condenser.  The  exhaust-steam  is  condensed  by  the 
water,  a  partial  vacuum  is  formed  in  the  condenser,  and  the  water- 
valve  is  consequently  closed  by  the  external  pressure.     The  re- 
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suiting  mixture,  consisting  of  hot  water,  is  discharged  at  a  tem- 
perature of  170^  F.,  into  a  receiving  tank.  Within  this  limit  of 
temperature,  there  is  not  much  visible  vapour  disengaged  from  the 
discharged  water.  When  the  temperature  is  allowed  to  rise  above 
180^,  a  good  deal  of  visible  vapour  escapes.  The  supply  of  feed- 
water  for  the  boiler  is  drawn  from  this  tank,  and  the  remainder  of 
the  hot  water  is  ejected  during  the  journey,  or  at  the  end  of  the 
trip. 

It  is  stated  that,  on  a  level  line,  the  condensing  water  is 
consumed  at  the  rate  of  from  25  to  30  gallons  per  mile.  The  fire 
is  made  up  at  the  beginning  of  the  trip,  and  is  not  touched  during 
the  passage.  According  to  Mr.  Hughes,  a  fire  lasts  for  a  ten-mile 
run  without  requiring  fresh  stoking. 

The  first  public  trial  of  Mr.  Hughes's  tramway  locomotive  was 
made  on  the  Leicester  Tramways,  on  March  27,  1876.  A  run  of 
four  miles  was  made,  a  portion  of  which  was  on  an  ascending 
gradient  of  i  in  22.  The  engine  had  two  6-inch  cylinders,  having 
a  stroke  of  12  inches,  connected  direct  to  four  coupled  wheels, 
2  feet  in  diameter,  on  a  wheel-base  of  4  feet  The  boiler,  of  the 
locomotive  type,  had  120  square  feet  of  heating  surface.  The 
whole  of  the  boiler  and  the  machinery  was  enclosed  in  a  wooden 
structure  resembling  a  section  of  a  tramway-car ;  the  wheels  and 
side-rods  were  concealed  by  sheet-iron  plates.  The  chimney  rose 
through  the  roof  of  the  car,  and  by  its  length  sufficed  for  the 
natural  draught  required  to  keep  up  the  steam,  which  was  maintained 
at  a  pressure  of  about  120  lbs.  per  square  inch.  The  furnace  was 
supplied  with  a  sufficient  quantity  of  fuel  to  last  the  journey.  The 
quantity  of  condensing  water  carried  amounted  to  300  gallons, 
which,  it  is  said,  would  suffice  for  a  trip  of  six  miles  on  ascending 
inclines,  in  cold  weather.  The  weight  of  the  steam-car,  in  working 
order,  was  about  5  tons. 

The  locomotive  was  coupled  to  a  one-horse  car,  constructed  to 
carry  16  inside.  During  the  trial  it  carried  25  persons,  and  the 
total  weight  of  the  car,  with  its  load,  must  have  been  about  3J 
tons,  making  the  gross  weight  of  the  train  about  %\  tons.  The 
speed  was  generally  about  8  miles  per  hour,  and  one  or  two  steep 
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inclines  on  bridges  were  steadily  surmounted,  at  a  lower  speed. 
During  the  whole  of  the  trip,  there  was  no  visible  escape  of  steam, 
except  on  one  occasion,  in  surmounting  a  steep  incline,  when  a 
little  steam  escaped,  which  quickly  disappeared.-^' 

The  same  engine,  according  to  Mr.  Hughes,  was  used  on  the 
Leicester  line  every  day  for  some  weeks,  on  passenger  traffic 
The  average  pace  was  six  miles  per  hour. 

Mr.  Hughes's  engines  have  also  been  at  work  experimentally  on 
the  tramways  at  Edinburgh  and  at  Sheffield,  and  on  the  Vale  of 
Clyde  Tramways  at  Glasgow.  The  traffic  of  this  line  was  worked 
by  steam-power,  under  a  contract  made  with  Mr.  Hughes,  com- 
mencing July  21,  1877,  at  the  rate  of  5|d.  per  mile  run.  The 
contract  expired  July  21,  1880,  and  was  renewed  for  one  year,  at 
the  rate  of  6}d.  per  mile  run. 


Hughes. — Wantage  Tramway. 

On  the  Wantage  Tramway,  one  of  the  Hughes  engines  has 
been  working  for  some  years.  The  line,  which  has  already  been 
noticed,  is  constructed  like  an  ordinary  railway,  with  raised  rails 
on  longitudinal  sleepers.  The  engine  makes  eight  trips  each  way, 
— 40  miles  a  day.  The  trip  is  performed  in  32  minutes,  or  at  the 
average  speed  of  94  miles  per  hour.  Two  cars  are  taken  by  the 
engine,  weighing,  with  their  load  of  passengers,  an  average  of  6^ 
tons.  The  engine  weighs  in  working  order  6  j  tons,  and  the  gross 
weight  of  the  engine  and  train  amounts  to  (6 J  +  6^  =)  13!  tons. 
The  fuel  (coke)  is  consumed  at  the  rate  of  about  307  lbs.  per  day, 
or  7-67  lbs.  per  mile  run,  equivalent  to  '58  lbs.  of  coke  per  ton- 
gross  per  mile. 

Hughes. — Southern  Tramways  of  Paris. 

Twelve  of  the  Hughes  engines,  shown  in  longitudinal  section. 
Fig.  296,  similar  to  the  engines  on  the  Vale  of  Clyde  Tramway, 

•  The  particulars  of  this  trip  are  derived  from  The  Engineer^ 
March  31,  1876,  page  232. 
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were  constructed  for  the  Bastille-Charenton  line  of  the  Southern 
Tramways  of  Paris.     They  are  on  four  wheels,  coupled,  aj  feet 
in  diameter.     The  cylinders  are  7  inches  in  diameter,  with  a 
stroke  of  12   inches.    The  boiler  is  of  Lowmoor  iron,  2  feet 
3J  inches  in  diameter  inside.     The  fiie-box  is  of  copper,  i  foot 
loj  inches  long,  2  feet  i  inch  wide  at  the  grate,  and  2  feet  5  inches 
high  to  the  roof,  above  the  grate.    The  plates  are  |  inch  thick, 
except  at  the  tubes,  where  the  plate  is  \  inch  thick.     There  are 
63  brass  tubes,  \\  inches  in  diameter  outside,  and  g  feet  7f  inches 
long,  with  a  clearance  of  }  inch  between  the  tubes.    The  giate- 
area  is  3'7o  square  feet ;  the  total  heating 
surface  is  149^  square  feet.     The  working 
pressure  in  the  boiler  was  from  80  lbs.  to 
100  lbs.  per  square  inch.     The  exhaust- 
steam  is  condensed  in  a  lower  water-tank 
by  water  frora  the  upper  tank,  in  the  manner 
already   explained,    and    indicated    in    the 
Fig,  296,  and  in  detail,  Fig.  ^97.  The  piston- 
valve  in  the  front  lower  tank  is  opened  by 
a  rod  connected  with  the  regulator-handle, 
making  a  communication  between  the  tank 
Fio  ioT      H    hea'     ^^^  "^^  condensing  chamber  between  two 
Trainiray  Locomotive,    valves,  which  constitute  a  double-beat  valve. 
-Feedwater  heater.  ^j^^    exhaust-steam    from    the    pipe    below 

forces  open  the  valves,  and  escapes  into  the 
condensing  chamber,  and  is  met  and  condensed  by  cold  water 
from  the  pipe  leading  from  the  upper  tank.  The  water  is  thus 
heated  to  a  temperature  of  about  170°  F.,  and  is  collected  in  the 
lower  tanks,  whence  the  boiler  is  fed  by  means  of  a  pump  or  an 
injector. 

The  Bastille-Charenton  line  is  41  miles  in  length.  The  steepest 
gradients  on  the  line  are,  one  of  i  in  29  for  100  yards,  and  one 
of  I  in  20  for  the  same  length.  The  engines  weighed  5J  tons 
empty,  and  7J  tons  in  working  order.  The  regular  duty  was  to 
draw  one  car,  weighing  2-55  tons,  constructed  to  carry  46  pas- 
sengers.   Assuming  that  the  car  was  half  filled  with  passengers, 


HUGHES'S  LOCOMOTIVES.  46 1 

weighing  1*6  tons,  the  gross  weight  moved  amounted  to  1 1  '65  tons. 
The  journey  of  4*1  miles  was  run  in  35  minutes,  being  at  the  rate 
of  7  miles  per  hour.  Four  engines  were  at  work  daily,  making 
each  about  67  miles  per  day.  The  fuel  (coke)  was  consumed  at 
the  rate  of  17  lbs.  per  mile  run;  equivalent  to  1*46  lbs.  per  ton 
gross  per  mile.    The  expenses  averaged  as  follows : — 

Per  mile, 
d. 

Coke,  17  lbs.    per  mile,  %  24s.  2d.  per  ton        .        .  2*218 

Oil,  -42  lb.             „ 1*840 

Tallow, '034  lb.      „ -148 

Water,  40  galls.     ,,        for  feed  and  condensing,  4d. 

per  1,000  gallons       .  *i6o 

4-366 
Wages  of  drivers,  labourers,  cokemen,  &c.  .     a '357 

Running  expenses                                                .        .6*723 
Repairs 2*702 

Total  working  cost        .        .         .    9*425 

The  contract  payment  for  the  engine-service  was  at  the  rate  of 
45  centimes  per  kilometre,  equivalent  to  6'9d.  per  mile  run,  for 
drawing  i  car.  For  2  cars,  the  payment  was  60  centimes,  or 
9'2d.  per  mile  run.  The  contract,  which  commenced  in  August, 
1879,  was  brought  to  an  end  in  February,  1880;  when  the  work 
of  traction  was  resumed  by  means  of  horse  power.*  Although 
the  steam-haulage  was  conducted  at  a  loss,  the  immediate  cause 
of  the  termination  of  the  contract  was  the  breaking  down  of  the 
engines  by  lodgment  of  a  compound  of  grease  and  lime  on  the 
walls  of  the  fire-boxes, — the  grease  derived  from  the  condensed 
steam  and  the  lime  from  the  water — by  which  the  fire-boxes 
became  overheated  and  bulged  inwards,  and  the  flue-tubes  leaked 
and  broke. 

In  explanation  of  the  large  consumption  of  fuel,  it  must  be 
stated  that  the  way  was  in  wretched  order.     It  was  too  weak, 

*  For  the  particulars  of  performance  of  the  Hughes  engine  the 
Author  is  indebted  to  Mr.  H.  Conradi. 
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having  a  mean  sort  of  rail  of  hollow  section,  without  strength. 
The  wave-movement  of  the  rails,  in  advance  of  the  engine,  was 
beyond  description.  The  tractional  resistance  may  easily  be 
conceived  to  have  been  double  what  it  would  have  been  with  a 
good  way. 

The  condensing  apparatus  employed  in  the  engines,  it  may  be 
added,  was  uncertain  in  action — ^very  fickle ;  and  it  caused,  it  is 
believed,  a  considerable  degree  of  back-pressure  on  the  pistons. 


Hughes. — Bristol  Tramways. 

On  the  Bristol  Tramways,  seven  of  the  Hughes  engines  that 
worked  in  Paris  were  set  to  work  on  the  Horfield  section,  which 
is  1*43  miles  in  length.  It  is  a  severe  line  to  ivork,  being  up-hill 
for  four-fifths  of  the  length  in  one  direction — towards  Horfield ; 
and  downhill  for  the  remaining  fifth.  The  prevailing  gradients 
are  firom  i  in  24  to  i  in  68.  The  line  runs  through  a  very 
populous  district.  The  work  was  done  under  a  contract  for 
1 2  months  made  with  the  Hughes  Engine  Company,  by  means  of 
four  engines  in  steam  daily.  During  the  week  1,717  miles  were 
run,  of  which  26 if  miles  were  run  each  week-day,  averaging 
65^  miles  per  engine;  and  147^  miles  on  Sunday. 

In  these  engines,  the  steam  was  not  condensed.  The  weight 
was  taken  at  7  tons  each  in  working  order.  One  car  only  was 
allowed  to  be  hauled  by  an  engine ;  the  car  weighing,  with  pas- 
sengers, 4  tons.  The  gross  weight  of  engine  and  car  was  thus 
II  tons.  The  fuel  (coke)  consumed  was  12  J  tons  per  week,  or  at 
the  rate  of  16 '31  lbs.  per  mile  run,  or  i'48  lbs.  per  ton-gross  per 
mile*  Here  again  the  Hughes  engines  work  at  a  disadvantage, 
since,  besides  working  up  steep  gradients  in  one  direction,  they 
were  braked  for  most  of  the  way  back,  and,  to  the  extent  of 
brakeage  necessary,  lost  the  advantage  of  the  aid  of  gravitation. 
The  contract  price  paid  by  the  Tramway  Company  for  steam- 
haulage  was  7d.  per  car-mile  run. 
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Hughes. — Lille  Tramways. 

Mr.  Hughes  designed  a  more  powerful  class  of  locomotives  for 
working  on  the  Lille  Tramways.     In  general  arrangement,  they 
resembled  the  engines  employed  at  Paris,  already  described.   The 
cylinders  were  9  inches  in  diameter,  with  a  stroke  of  13  inches ; 
the  four  coupled  wheels  were  3J  feet  in  diameter.    The  barrel  of 
the  boiler  was  2  feet  4^  inches  in  diameter.    There  were  62  brass 
flue- tubes  ij  inches  in  diameter,  5  feet  8  J  inches  long.    The 
fire-box,  of  copper,  was  2  feet  ij  inches  in  length,  and  i  foot 
11^  inches  wide,  at  the  bottom;  and  was  2  feet  7  inches  high 
above  the  grate.    The  area  of  grate  was  3*82  square  feet ;  and 
the  heating  surface  was  162^  square  feet     The  exhaust-steam 
was  passed  through  a  feedwater-heater,  consisting  of  a  number  of 
brass  tubes  in  a  cast-iron  box,  and  thence  into  the  saddle  water- 
tank,  in  which  it  was  delivered  over  the  surface  of  the  water,  or 
through  branching  pipes  which  descended  into  the  water.    The 
steam  was  discharged  under  water,  in  town ;  and  above  water,  in 
the  country.    The  tank  held  400  gallons  of  water,  which  was 
heated  by  the  exhaust-steam  up  to  the  boiling-point,  in  the  course 
of  the  trip.     For  three-fourths  of  the  trip,  the  condensation  was 
efficiently  effected ;  but  for  the  remaining  fourth,  it  was  ineffective. 
The  water  was  changed  for  each  trip.     The  pressure  in  the  boiler 
was  firom  80  lbs.  to  100  lbs.  per  square  inch.     The  engine  weighed, 
empty,  yi  tons;   and,  in  working  order,  with  fiiel  and  water, 
10  tons. 

The  Lille-Haubourdin  line  is  a  level  line,  5*138  miles  in 
length.  The  Lille- Roubaix  line  is  a  line  of  many  inclines, 
of  which  the  steepest  is  i  in  22.  It  is  678  miles  in  length.  The 
lines  are  both  single  lines,  with  passing  places.  The  way  is 
constructed  with  double  rails  bolted  to  chairs,  screwed  down 
to  cross  sleepers.  Steam-service  was  commenced  on  the  Hau- 
bourdin  line  April  6,  1880;  and  on  the  Roubaix  line  July  i, 
1880.  Payments  were  made  to  the  contractors  (Hughes'  Engine 
Company)  at  the  same  rates  as  were  paid  to  them  in  Paris; 
namely,  6'9d.  per  mile-run  with  one  car;  and  9*2d.  per  mile-run 
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with  2  cars.  This  contract  lasted  only  four  months ;  after  which 
the  engines  were  hired  for  one  year  commencing  November  i, 
1880. 

The  averaged  results  of  the  performance  of  engines,  on  the 
Haubourdin  line,  equivalent  to  the  work  of  one  engine  for  103 
days,  running  3,817  miles,  or  at  the  rate  of  37  miles  per  day, 
were  as  follows.  The  usual  load  on  week-days  was  one  car,  with 
an  extra  car  between  Lille  and  the  depot,  a  distance  of  about 
2  miles ;  on  Sundays  and  holidays  2  cars  were  taken.  It  may  be 
assumed  that  the  train  averaged  i^  loaded  cars  : — 

d. 

Coke       .  .     17}  lbs.  per  mile-run,  cost  2*250 

Oil  .                 .  .    '329  lb.         ,,            ,,  1-410 

Tallow     .                     '0362  lb.       ,,            ,,  '156 

Feed  water  .12}  gallons ,,           »,  '051 

Condensing  water  .    72        „        ,,            ,,  '248 

4- "5 
I  driver  ®  6  francs  per  day  ) 

I  stoker  „  4        „        „       J       *  '        •    ^'57o 

Running  expenses      ....    6' 685 

Repairs: — Ordinary 2*455 

Extraordinary,  tor  accidents  -437 

Total 2*892 


Working  charges :  running  and  repair  expenses    9*577 

From  this  statement  it  appears  that,  in  round  numbers,  the 
running  charges  amounted  to  6  Jd.  per  mile-run,  and  the  cost  for 
repair  to  3d.  per  mile-run;  together  9id.  per  mile-run.  The 
engines  were  worked  at  a  disadvantage.  They  took  their  turns 
between  horse-cars,  and  were  thus  limited  to  low  speeds,  with 
many  stoppages,  making  the  trip  of  5*13  miles  in  55  minutes,— at 
an  average  speed  of  5*60  miles  per  hour.  They  were  also  com- 
pelled to  remain  from  20  to  25  minutes  at  one  terminus,  and  from 
8  to  zo  minutes  at  the  other. 
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The  evaporation  of  water  was  at  the  rate  of  7*18  lbs.  per  lb. 
of  coke,  from  a  temperature  averaging  probably  140°  F. 

Assume  the  average  load  of  li  cars,  before  stated,  weighing 
2 '4  tons  per  car,  with,  say,  45  passengers,  weighing  3  tons,  making 
together  d'd  tons;  and  with  the  engine,  10  tons,  a  gross  weight 
of,  say,  i6i  tons,  the  consumption  of  fuel  was,  for  this  gross 
weight,  at  the  rate  of  I'oy  lbs.  per  ton-gross  per  mile-run. 

Mr.  H.  Conradi  tested  the  consumption  of  feed-water  by  the 
engines  on  the  Haubourdin  line,  for  the  double  trip,  to  and  fro, 
on  four  occasions.  First  with  i  car,  twice  with  2  cars,  and  once 
with  3  cars. 


1880. 


1.  May  5,  Windy  and  Dusty 

2.  Mayx6    do.  do. 

3.  May  2 J    do.  do. 


4.  Jane  16 
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In  the  I  St,  2nd,  and  3rd  double- trips,  there  were  the  usual 
frequent  stoppages  for  passengers.  The  4th  trial  was  made  speci- 
fically to  test  the  capacity  of  the  engine  to  draw  at  least  2  cars 
up  the  steepest  incUne  on  the  line,  at  Croix,  a  gradient  of  i  in  20. 
It  shows  that  the  engine  was  capable  of  taking  up  this  incline 
lA  times  its  own  weight ;  and  the  relatively  low  consumption  of 
water  per  mile-run  shows  most  remarkably  how  wasteful  of  engine- 
power  are  the  frequent  stoppages  incidental  to  the  regular  traffic 
as  exemplified  in  the  ist,  2nd  and  3rd  trials.  The  consumption 
of  fuel,  which  was  not  actually  noted  for  the  4th  trial,  did  not 
probably  exceed  i  lb.  of  coke  per  ton-gross  per  mile-run. 
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On  the  Lille- Roubaix  line,  the  quantities  and  cost  for  working 
the  engine-power  were  as  follows : — 


Coke 

Oil     . 

Tallow 

Water,  feed 

Water,  condensing 


d. 
20*625  lbs.  per  mile-run,  cost    2*700 

•292  lb.  .,  ,,  rooo 

•0281b.  ,,  ,,  -120 

1774    galls.  ,.  .,  -070 

88*10      ,,  ,,  ,,  -350 


4*240 
Drivers,  stokers,  cokemen,  pointsmen,  &c.  .     2*800 


Running  charges 7*040 


Repairs: — Ordinary .     2*175 

Extraordinary  (Accidents)  .       '250 

2*425 
Working  charges  : — Running  and  repair  ,  .     9*465 

The  line  was  generally  in  very  bad  order.  On  soft  ground,  the 
sleepers  were  not  properly  squared  for  the  chairs.  The  wheels  of 
the  engines  jammed  between  the  rails  and  counter-rails.  Waves 
were  raised  in  the  way  in  advance  of  the  engines.  The  distance, 
6*78  miles,  was  traversed  in  42  minutes,  comprising  frequent  stop- 
pages for  passengers  in  Lille  and  Roubaix,  and  at  seven  inter- 
mediate stations.  The  average  speed  was  10*17  miles  per  hour; 
and  the  maximum  speed  frequently  rose  to  from  17  to  18  miles 
per  hour.  The  time  allowed  was  60  minutes  for  the  trip,  making 
a  speed  of  ^X  miles  per  hour. 

Since  the  engines  were  hired  to  the  tramway  company,  the 
exhaust-stoam  was  not  condensed,  but  was  discharged  direct  into 
the  chimney.  The  traction  company  from  whom  the  engines 
were  hired  paid  for  them  from  ;^650  to  ;f  700  each. 

The  locomotives,  six  in  number,  weighed,  empty,  4f  tons  \  with 
fuel  and  water,  6  tons.  They  worked  up  to  a  pressure  in  the 
boiler  of  150  lbs.  per  square  inch;  but  the  average  pressure  was 
from  100  lbs.  to  120  lbs. 
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Falcon  Engine  and  Car  Works. 

This  company  manufacture  tramway  steam  locomotives  of  three 
sizes,  having  respectively  7-inch,  8-inch,  and  9-inch  cylinders, 
with  four-coupled  wheels  for  the  8-inch  engine.  The  leading 
data  are  as  follows : — 


Diameter  of  cylinders 
Stroke  of  ditto    . 
Diameter  of  wheels    . 
Length  of  wheel-base 
Working   pressure   in   the 

boiler  per  square  inch 
Heating  surface 
Area  of  firegrate 
Ratio  of  grate  to  surface 
Extreme  length  . 
Extreme  breadth 
Extreme  height  above  level 

of  rails,  with  condenser 
Ditto,  without  condenser 
Weight,      with  |  empty 

condenser     . ( loaded 
Weight,  without  \  empty 


;i 


loaded 


condenser 
Tractive  force 
Effective  load,  exclusive  of  \ 

engine,  drawn  at  a  speed  i 

of  10  miles  per  hour,  up  i 

an  incline  of   . 


7  ins. 
14    » 

4J  ft. 

175    lbs. 
28*5  sq.ft. 

4*0      »» 

32-1    ft. 
6i  „ 

10  ft.  8  ins. 

9  j»  4  >> 
7J  tons. 

8i 

6J 

8 


j» 


8  ins. 
14   »> 

4i  ft. 

175    lbs. 
154  sq.  ft. 

5*9      » 

26-1     ft. 
6i    „ 


9  ms. 

14    »» 
3oi» 
5    ft. 

175   lbs. 
I73i  sq.  ft. 

675      .» 

257    ft. 
6i   „ 


10  ft.  8  ins.       10  ft.  8  ins. 


9  »      j» 
8  tons. 


9  »   4  » 
8A  tons. 


?> 


Level. 
I  in  50 
I  in  30 
I  in  20 


9-' 
9 


>> 


10 

8 

9i 


j> 


?i 


>j 


2,249  lbs.  2,938  lbs.  3,718  lbs. 

67  tons.  89  tons.  114  tons. 

22     ,,  30     „  40    „ 

13     .,  19     ,,  25 

8     „  4J  „  16 


;> 


The  8-inch  engine  was  one  of  a  number  of  engines  of  the 
same  class,  constructed  for  the  Burnley  tramways  at  the  Falcon 
Works,  from  the  designs  of  Mr.  Norman  Scott  Russell,  the 
general  manager  of  the  works.  It  has  a  locomotive  boiler;  the 
cylinders  are  inside  the  frame-plates,  with  a  cranked  axle.  The 
tractive  force,  2,938  lbs.,  is  at  the  rate  of  299  lbs.  per  pound  of 
effective  pressure  per  square  inch  in  the  cylinders.  The  working 
gear  is  shut  in  from  below  by  iron  sheeting  with  suitable  doors, 
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excepting  only  the  coupling  rods.  The  hom-blocks  have  special 
wood  shields. 

The  air-condenser  is  composed  of  250  very  thin  copper  tubes 
fixed  in  thin  brass  chambers.  Any  steam  remaining  uncondensed, 
as  may  happen  in  warm  or  in  damp  weather,  passes  to  a  water-tank 
at  the  front  end  of  the  engine.  Under  ordinary  conditions  the 
residuary  steam  is  passed  through  a  change-valve  into  the  smoke- 
box,  where  it  is  superheated,  and  becomes  invisible  on  passing 
from  the  chimney. 

Special  consideration  has  been  bestowed  upon  the  break 
power.  The  speed-regulating  governor  is  driven  by  an  inde- 
pendent wheel,  running  on  the  rails  and  kept  down  by  springs. 
The  wheel  of  the  governor  is  on  the  same  shaft.  The  governor 
works  the  speed  indicator  by  means  of  levers,  and  when  the 
speed  of  the  engine  reaches  10  miles  per  hour  a  small  valve  is 
lifted,  and  admits  steam  from  the  boiler  to  the  car-break  and 
engine-break,  and  to  a  small  cylinder  on  the  top  of  the  boiler, 
by  which  the  regulator  is  closed.  This  apparatus  automati- 
cally limits  the  speed  on  descending  inclines  to  10  miles  per 
hour.  There  is,  in  addition,  a  hand  break-valve,  by  which  steam 
may  be  admitted  at  any  constant  pressure  to  both  break-cylinders, 
and  there  is  a  foot-break,  by  means  of  which  all  the  wheels  can  be 
locked.  The  steepest  gradients  are  i  in  17  and  i  in  20.  The 
engines  usually  take  one  46-passenger  car.  They  have  taken 
experimentally  two  cars  with  73  passengers,  easily.  The  con- 
sumption of  fuel,  coke,  is  stated  to  be  at  the  rate  of  from  8 J  lbs. 
to  9  lbs.  per  mile-run. 


KiTSOX  &   Co. 

The  cylinders  in  this  engine,  Fig.  298,  are  placed  outside  the 
longitudinal  frame-plates,  and  as  high  as  possible  above  mud  and 
dust,  protected  by  suitable  casings.  The  engine  is  on  four  wheels, 
coupled.  Kitson's  patent  valve-gear  is,  with  the  same  object, 
employed.     It  is  a  modification  of  Walschaert's  valve-gear.     The 
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ends  of  a  floating  lever  are  linked  to  the  crosshead,  the  valve 
spindle,  and  intermediately  at  a  point  near  the  valve-spindle; 


the  lever  is  pinned  to  the  radius-link,  which  receives  its  rocking 
movement  through  an  arm  linked  to  the  coupling  rod.     The 
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motion  of  the  valve  and  its  spindle  is  a  compound  of  two  move- 
ments :  one  a  movement  directly  the  inverse  of  that  of  the  piston, 
on  a  reduced  scale,  for  the  lead  ;  the  other  a  reduced  duplicate  of 
the  vertical  movement  of  the  coupling  rod,  to  open  the  port  for 
steam.  The  boiler  is  of  the  locomotive  type.  The  exhaust  steam 
is  condensed  to  the  extent  of  two-thirds  in  a  tube-condenser  over- 
head, and  one-third  is  discharged  into  the  chimney,  or  is  con- 
densed by  means  of  a  water  tank.  The  engine  is  provided  with 
a  speed  indicator  and  an  automatic  break.  The  engines,  as 
employed  on  the  Central  Tramways  line,  Birmingham,  weigh,  with 
water  and  fuel,  from  9  tons  to  10  tons.  They  can  draw  a  large 
car  holding  60  passengers. 

Messrs.  Kitson  &  Co.  construct  four  standard  classes  of  four- 
coupled  tramway  locomotives,  as  follows  : — 


No.  of  Engine. 


Cylinders,  diameter 
and  stroke  . 

Wheels,  diameter   . 

Water- tank,  capa- 
city for  water 

Weight  of  engine, 
empty . 

Weight  with  water 
and  fuel 

Net  load,  exclusive 
of  engine  weight, 
that  can  be  taken 
up  an  incline  of  i 
in  25,  at  a  speed 
of  6  miles  per  hour 


7Jx  12  ins. 
2  ft.  4^  ins. 

80  galls. 

t\  tons 

1\    » 


13 


19 


8^x  12  ins. 
2  ft.4i  ins. 

80  galls. 

*]\  tons 

8i    „ 


No.  3.       I 


No.  4. 


9  X  15  ins.'ii^x  15  ins.! 
2  ft.  9  ins. 


16 


>* 


2  ft.  10  ins. 
150  galls. 
8  tons 
lo} 


>» 


I 


250  galls. 
13  J  tons 


19 


» 


44 


>i 


The  cost  for  working,  repairs,  and  maintenance  of  Messrs. 
Kitson  &  Co.'s  engines  on  two  lines  of  tramways,  is  summarised 
in  the  following  statements  : — 
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Birmingham  and  Aston  Tramways  :— Ruling  Gradient, 


I 

IN   I 

iin  by  c 

Miles 

Per  mile  n 

engines. 

• 

■ 

m 

run. 

I 

(4 

■ 

•3 

3 

1 

\ 

1 

i 

u  2  U 

• 

1 

1 

1 

d. 

d. 

d. 

a. 

Si 

0  <4  fl) 

0 

M 

{2 

d. 

d.    '    d. 

d. 

6  months  ending 

June  30,  1883    .     61,170 

»'44 

1-50 

•13 

■35 

•243-66     1-27 

4' 93 

12  months  ending 

June  30,  1884    .  176,528 

1-41 

•90 

•09 

•08 

•803-28 

1-49 
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1 1  months  ending 

1 

May  31,  1885    . 
29  months  endinjSf 

193,204 

I '43 

•76 

•06 

•25 

n2'3^62 

1-12 
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May  31,  1885    .  430.902 

1-43 

•92 

•09 

•19 

-86  3-49 

1*29 

478 

Dudley  and  Stourbridge  Steam  Tramways  :■ 
Ruling  Gradient,  i  in  15. 


! 

Miles 
run. 

Per  mile  run  by  engines. 

Wages. 

• 

9 

■ 

u 
0 

F! 

d. 
•21 
•2. 

d. 
•17 

*39 

■ 

1 

d. 

•39 
70 

• 

B 

3 

d. 
478 

5*39 

Depre- 
ciation. 
10  per  cent. 

• 

d. 
6-17 

6^6i 
6-40 

6  months  ending 
Nov.  30,  1884  . 

6  months  ending 
May  31,  1885    . 

57,776 

6?, 128 

d.        d. 
2'06  1*95 

2-14  i-gs 

d. 

I  "39 
1*22 

12  months  ending 
1     May  31,  1885    . 

119,904  1 

2-IO 

i'95 

-21 

•29 

•55 

5*10 

I '30 

Wilkinson. 

The  worm -geared  condensing  tramway  locomotive  of  Mr.  W. 
Wilkinson  combines  a  few  original  elements.     Acting  on  the 
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results  of  Mr.  Dewrance's  experiments  on  the  evaporative 
activity  of  different  parts  of  a  locomotive  boiler,  Mr.  Wil- 
kinson designed  a  short  locomotive  boiler,  having  flue  tubes 
only  12  inches  in  length.  His  object  was  to  maintain  the 
water  level  in  the  boiler  practically  constant  whether  on  level 
ground  or  on  steep  incline  such  as  i  in  ii.  The  tubes  are  not 
straight,  but  of  an  ogee  form,  in  order  to  yield  to  expansion  without 
the  liability  to  breakage.  The  steam  is  exhausted  into  a  condenser 
fitted  with  tubes  also  of  ogee  form  presenting  between  200  and 
300  square  feet  of  condensing  surface.  The  steam  surrounds  the 
tubes,  and  the  air  for  cooling  them  is  drawn  through  them  into 
the  ash-pan  to  support  combustion.  The  steam  that  remains 
uncondcnsed  passes  into  a  superheater  in  the  smoke-box — a 
rectangular  box  fixed  against  the  tube  plate,  traversed  by  tubes 
coincident  with  those  of  the  boiler,  through  which  the  burnt 
gases  flow  into  the  smoke-box. 

While  running  on  a  level  line,  with  a  heavy  load,  in  or  nearly 
in  mid-gear,  tbcM-e  is  scarcely  sufficient  steam  left  uncondensed  to 
cause  the  necessary  draught,  and  in  such  a  case  the  draught  is 
sharpened  by  reducing  the  blast  orifice,  in  applying  a  thimble  to 
the  top  of  the  blast  pipe,  which  is  done  by  hand  with  a  lever. 

In  the  fire-l)ox  a  number  of  Field  tubes  are  fixed  to  the  roof 
between  the  roof- stays. 

The  power  of  the  engine  is  transmitted  through  worm-gear  to 
the  driving  axle.  The  worm  is  double-threaded,  and  one  turn  of 
the  axle  is  made  for  yA  turns  of  the  worm.  The  diameters  of  the 
worm  and  the  wlicel  are  equal,  or  nearly  so — about  12  inches  in 
diameter ;  and  the  obliquity  of  the  worm-thread  is  so  considerable 
that,  on  a  falling  gradient  of  i  in  70,  the  worm  is  propelled  by  the 
force  of  gravity.  The  worm  is  of  Siemens  steel,  and  the  toothed 
wheel  runs  in  an  oil  bath,  providing  constant  lubrication.  The 
carrying  wheels  are  3  feet  2  inches  in  diameter.  There  are  tv-o 
cylinders  working  to  a  longitudinal  crank -axle.  It  is  stated  that 
the  engine  can  draw  a  loaded  car,  weighing  3  tons,  full  of  passen- 
gers, on  a  level  or  nearly  level  road,  with  the  valves  in  mid  gear; 
the  steam  being  cut  off  at  9  per  cent,  of  the   stroke.     At  the 
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regulation  speed  of  8  miles  per  hour,  the  speed  of  the  pistons  is 
436  feet  per  minute.  The  engine  has  been  worked  at  a  speed  of 
16  miles  per  hour.  The  machinery  is  compactly  placed,  and  the 
cylinders,  guide  bars,  valve  gear,  foundation  plate,  worm,  and 
plunmier-blocks  can  be  removed  for  repair  by  undoing  six  bolts, 
and  a  duplicate  substituted. 


Geoghegan. 

The  tramway  system  of  Guinness's  Brewery  has  already  been 
noticed,  page  290.  The  rolling  stock  comprised,  in  1888,  nine 
locomotives  and  177  waggons.  The  first  engine,  Fig.  299,  weigli- 
ing  about  two  tons,  is  suitable  only  for  light  work,  and  the  gearing 
being  so  close  to  the  ground,  is  difficult  to  keep  in  order  when 
working  full  time.  Geared  engines.  Fig.  300,  were  obtained, 
weighing  about  5  tons.  They  were  found  very  useful,  but  for 
want  of  bearing  springs,  they  were  slow  in  speed,  costly  in  repairs, 
and  hard  on  the  road.  They  were  also  troublesome  in  starting. 
The  next  class  of  engine,  Fig.  301,  weighing  6  tons,  having  outside 
cylinders,  circular  ends  for  footplates,  and  water  tanks  for  con- 
densing the  exhaust-steam,  proved  better  adapted  to  the  traffic. 
The  motion  being  all  outside,  was  readily  accessible  ;  but,  being  so 
near  the  ground,  it  got  very  dirty,  and  the  wear  necessitated  very 
frequent  adjustment.  Case-hardened  eccentrics  and  straps  made 
an  improvement. 

To  combine  the  best  points  of  these  three  classes  of  engines, 
and  obviate  their  defects,  Mr.  Geoghegan  designed  the  locomotive 
shown  in  Fig.  302.  Facilities  are  given  for  getting  out  the 
wheels  and  axles,  and  the  cylinders  and  motion  are  placed  on  the 
top,  out  of  the  dirt,  and  very  accessible  for  cleaning  and  repair. 
The  spring  frame  is  independent,  and  is  formed  of  eight  steel 
leaves  in  four  pairs,  two  pairs  at  each  side,  one  pair  on  the  top  of 
each  pair  of  axle-boxes,  and  the  other  pair  under  the  bottom.  It 
is  attached  to  back  and  front  stays,  so  that  byremoving  the  pins  and 
coupling-rods,  and  lifting  the  engine,  the  spring-frame  with  wheels 
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and  axles  and  break  gear,  can  be  run  out  for  examination  and 


n 


r\ 


Figs.  299,  300,  301.     Guinness's  Brewery :  Tramway  Locomoiives. 


repair.    The  upper  or  crankshaft  axle-boxes  work  between  horn- 
plates,  and  they  are  each  connected  with  the  spring-frame  by  a 
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vertical  link,  of  which  the  upper  pin  is  lengthwise  of  the  engine, 
and  the  lower  pin  is  crosswise,  giving  freedom  for  oscillation. 

The  break-gear  consists  of  a  steam  cylinder  having  two  pistons, 
between  which  steam  is  admitted  for  applying  the  breaks. 
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The  boiler  is  of  the  Ramsbottom  type.  The  barrel  is  2  feet 
5  inches  in  diameter,  having  64  tubes  2  feet  lof  inches  long,  i^ 
inches  in  diameter  outside.  The  heating  surface  is  72*61  square 
feet  in  the  tubes,  1375  feet  in  the  fire-box;  together  86*36  square 
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feet,  or  27  times  the  grate-area,  which  is  3*24  square  feet.    The 
working  pressure  is  180  lbs.  per  square  inch. 

The  cylinders  are  7  inches  in  <Jiameter,  with  a  stroke  of  Z\ 
inches.  There  are  four  coupled  2  2- inch  wheels,  on  a  wheel-base 
of  3  feet.  The  weight  on  the  leading  wheels  is  3*6  tons,  on  the 
trailing  wheels  3-8  tons;  total  weight,  7*4  tqns.  The  gauge  is 
22  inches.* 


ASPINALL. 

Shunting  engines  of  18-inch  gauge  are  employed  by  Mr.  John 
A.  F.  Aspinall  at  the  Horwich  Locomotive  Works  of  the  Lancashire 
and  Yorkshire  Railway,  for  the  movement  of  moderately  heavy 
weights  from  workshop  to  workshop,  over  a  large  area  of  ground, 
laid  out  with  tramways  of  18-inch  gauge.  These  tramways, 
which  have  already  been  described  (page  .292),  comprise  several 
miles  of  way.  The  woiks  are  on  practically  level  ground,  and  in 
virtue  of  the  narrowness  of  the  gauge,  there  are  facilities  for  passing 
in  and  out  of  the  narrow  doorways  of  the  workshops,  on  quick 
curves  which  are  not  greater  than  13  feet  in  radius. 

The  locomotives  employed  (Fig.  303),  were  designed  and 
constructed  by  Mr.  Aspinall.  They  are  four-wheel  coupled, 
similar  to  those  of  Mr.  Geoghegan  (page  475).  The  cylinders 
are  5  inches  in  diameter,  with  6  inches  of  stroke ;  the  wheels 
are  16 J  inches  in  diameter,  on  a  wheel-base  of  2J  feet  The 
frame  is  7  feet  4 J  inches  long  ;  the  extreme  width  of  tlie 
engine  is  3  feet  The  boiler  is  of  steel,  cylindrical,  2 J  feet 
in  diameter,  5  feet  2  inches  long ;  containing  an  iron  cylindrical 
fire-box,  17  inches  in  diameter,  2\  feet  long,  and  55  tubes  in 
sequence,  ig  inches  in  outside  diameter.  The  fire-grate  is  about 
I  foot  long,  and  has  an  area  of  178  square  feet.  The  heating  sur- 
face of  the  fire-box  is  io'42  square  feet;  of  the  tubes,  36-12  feet; 
together  46*54  square  feet,  or  26*1  times  the  grate-area.     The 

•  See  a  paper  by  Mr.  Samuel  Geoghegan,  **  Description  of  Tram- 
ways and  Rolling  Stock  at  Guinness's  Brewer^'/*  in  the  Proceedings 
of  the  Ifistitntion  af  Mechajiical  Engineers t  July,  1888,  page  327. 
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capacity  of  the  tank  is  26J  gallons.    The  working  pressure  is 
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170  lbs.  per  square  inch.     The  weight,  empty,  is  2 '80  tons  ;  full, 
and  in  working  order,  3*19  tons.     The  tractive  force  is  computed 
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as  1,412  lbs.,  or  9*22  lbs.  per  pound  of  effective  pressure  per 
square  inch  on  the  piston.  The  height  of  the  horizontal  centre- 
line of  the  boiler  is  2  feet  9^  inches.  The  top  of  the  chimney  is 
7  feet  4^  inches  high  above  the  level  of  the  rails. 


Perreit. 

Mr.  Edward  Perreit  arranged  a  steam  car.  Figs.  304,  305,  in 
which  the  machinery  is  placed  horizontally  under  the  frame,  and 
two  vertical  steam-boilers  are  placed  on  the  platform,  one  at  each 
end  of  the  car,  and  connected  together.  The  weight  is  thus 
equally  distributed,  and  the  car  may  be  run  either  end  foremost. 
The  car  runs  on  eight  wheels,  and  weighs  8  tons  when  loaded,  of 
which  5  tons  rest  on  the  four  middle  wheels,  which  are  driven  by 
the  engine,  and  3  tons  is  divided  between  the  fore  pair  and 
aft  pair  of  wheels.  These  wheels,  fore  and  aft,  are  arranged  as 
Bibsell  trucks,  radiating  outwards  on  pivots,  and  they  are  con- 
trolled at  either  end  by  steering  gear,  so  that  the  car  may  be  taken 
with  facility  off  the  road,  on  to  a  branch,  or  vice  versa.  The  fixed 
wheel-base — that  of  the  driving  wheels — is  4  feet,  and  the  total 
wheel-base  is  17  feet.  The  two  cylinders  are  6  inches  in 
diameter,  with  a  stroke  of  9  inches ;  the  coupled  driving  wheels 
are  27  inches  in  diameter,  and  the  bogie  wheels  are  iS  inches. 
The  steam  boilers,  on  Broadbent's  system,  are  25^  inches  in 
diameter  outside,  and  6  feet  long  ;  the  fire-box  is  20^  inches 
diameter  at  the  grate,  giving  2*27  square  feet  of  grate-area  for 
each  boiler. 

An  experimental  steam  car  was  constructed  on  this  system, 
with  5-inch  cylinders,  and  an  8-inch  stoke  ;  27-inch  driving  wheels 
at  4-feet  centres,  and  1 9-inch  bogie  wheels,  at  14-feet  centres; 
I -60  scjuare  feet  of  grate  for  each  boiler;  total  weight,  8  tons,  of 
which  5  tons  was  driving  weight.  It  was  publicly  tried  in  May, 
1876 ;  and  it  is  reported  that  the  car  ran  easily  on  a  circular  line 
of  35  feet  radius,  to  a  gauge  of  4  feet  8i  inches,  with  a  pressure 
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of  90  lbs.  per  square  inch  in  the  boiler,  cutting  off  at  s-Sths  of  the 


i> 
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stroke;  though  it  was  necessary  to  get  up  the  pressure  to  120 lbs. 
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per  square  inch  before  starting  again.  With  a  pressure  of  1 20  lbs.  the 
j  car  could  start  on  an  incline  of  i  in  30. 

A  car  of  this  type,  Fig.  306,  was 
constructed  by  Messrs.  Manlove, 
Alliott,  Fryer  &  Co.,  Nottingham,  for 
the  Dublin  and  Lucan  Tramway-  The 
cylinders  are  7  inches  in  diameter, 
with  a  stroke  of  9  inches,  and  four 
coupled  27-inch  wheels,  4^  feet  apart 
between  centres.  The  total  wheel- 
base,  including  the  Bissell  trucks,  one 
at  each  end,  is  17^  feet.  The  car  in 
working  order,  without  passengers, 
weighs  9  tons.  A  series  of  tests  of 
this  car  were  made  on  an  endless 
tramway,  3  feet  in  gauge,  a  quarter 
of  a  mile  in  length,  on  the  premises 
of  Messrs.  Manlove  &  Co.,  to  prove 
the  amount  of  the  gross  resistance. 
Indicator-diagrams  were  taken  from 
the  engines,  yielding  the  following 
results  : — 

On  a  straight  line,  with  ascending 
gradients  of  i  in  57  and  i  in  22,  the 
indicator  frictional  resistances,  after 
allowing  for  the  resistance  of  gravit}% 
were,  at  4  miles  per  hour,  at  the  rate 
of  35  lbs.  and  36  lbs.  per  ton  on  the 
two  gradients  respectively ;  and  at 
8  miles  per  hour,  41  lbs.  and  39  lbs. 
On  a  curve,  of  60  feet  radius,  on  a 
level,  the  resistances  were  81  lbs.  and 
96  lbs. ;  going  up  an  incline  i  in  41, 
they  were  50  lbs.  and  75  lbs.;  up 
I  in  33,  they  were  65  lbs.  and  84  lbs. 


Fig.  305.  Mr.  Perrett's  Steam 
Car.     Plan.     Scale  -}^, 


per  ton.     The  mean  results  may  be  taken  thus  : — 
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StfAm  car.  4  milfti  ptr  hour^         B  mile*  per  hour. 

Straig-ht  line,  frictional  resislaoce  .     36  lbs.  per  ton  40  lbs.  per  ton. 
Curve,  60    feet    radius,  frictional 

resistance 65  lbs.      „  85  lbs.      „ 


Here  it  appears  that  tbe  resisUnce  on  a  curve  of  60  feet  radius  is, 
in  round  numbers,  double  the  resistance  on  a  straight  line.  This 
result  compares  unfavourably  with  the  result  of  trials  for  the  trac- 
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tional  resistance  of  a  passenger-car  on  the  same  line  of  way,  page 
405,  where  it  was  deduced  that  the  straight-line  resistance  of  a 
car  was  little  more  than  doubled  even  on  a  curve  of  22  feet  radius. 
It  is  probable  that  the  greater  resistance  of  this  steam-car  is  attri- 
butable not  alone  to  the  working  of  the  propelling  machinery  as 
such  ;  but  also  to  thd  spread  and  the  arrangement  of  the  wheel 
system.  The  fuel — gas  coke — for  a  run  of  6  miles,  at  a  speed  of 
8  miles  per  hour,  was  consumed  at  the  rate  of  17  lbs.  per  mile,  or 
nearly  2  lbs.  per  ton-gross  per  mile.  Of  course,  the  great  and 
unequal  resistance  of  inclines  and  curves  contributed  to  the  caus- 
ing of  so  considerable  a  consumption  of  fuel. 

This  steam  car  was  set  to  work  on  the  Dublin  and  Lucan 
Tramway,  on  June  6,  1881,  working  between  Dublin  and 
Chapelizod,  a  length  of  two  miles,  making  13  double  trips,  equal 
to  52  miles  per  day.  The  car,  weighing  9  tons  empty,  weighs 
with  i^  tons  of  passengers,  the  average  load  10^  tons-gross.  The 
fuel  consumed  per  day  is  6  cwt.  of  gas  coke,  including  the  fuel 
consumed  for  getting  up  steam,  equivalent  to  i  *3  lb.  per  ton-gross 
per  mile.  This  comparatively  high  rate  of  consumption  may  be 
accounted  for,  to  some  extent  at  least,  by  the  unfavourable  con- 
ditions under  which  the  work  was  done.  The  car  makes  but  one 
double-trip  or  4-miIe  run  in  each  hour.  In  fact,  the  2-mile  trip 
was  made  in  10  minutes,  and  the  car  was  at  rest  for  forty  minutes 
in  each  hour. 


Brown. 

Mr.  A.  Brown,  of  Winterthur  (Switzerland),  designed  a  steam 
car  for  tramways,  on  the  principle  of  Mr.  R.  F.  Fairlie's  double- 
bogie  railway  steam-carnage.  An  illustration  of  his  original  design 
was  published  in  Engineerings  for  March  31,  1876.  He  constructed 
a  steam-car  on  the  same  system,  on  a  somewhat  modified  design, 
which  was  put  to  work,  in  1877,  ^^  ^^  Lausanne  and  Echellens 
Brand?  Railway— a  "Chemin  de  Fer  Regional  "—for  local  traffic, 
constructed  to  a  gauge  of  i  metre,  8*86  miles  in  length,  and  laid 
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on  the  common  road,  which  inclines  upwards  from  Lausanne  to 
Echellens.    The  ruling  inclines  are  heavy ;  they  are  as  follows  : — 

Yards. 

I  in  28  for  545 
I  in  40  „  578 
I  in  31  „  236 
I  in  25    „    655 


2,014 


The  minimum  radius  is  100  metres,  or  330  feet ;  in  stations,  it  is 
60  metres,  or  200  feet. 

The  car,  Figs.  307,  308  and  309,  is  supported  at  each  end  by  a 
four-wheel  swivelling  bogie.  The  engine  with  its  boiler  complete  is 
supported  on  one  of  the  bogies,  the  wheels  of  which  are  coupled, 
and  constitute  the  driving-wheels;  the  locomotive  is  lodged  in 
one  end  of  the  car,  where  it  is  wholly  masked  by  the  surroundmg 
portion  of  the  car,  and  is  free  to  revolve  on  its  axis. 

The  cylinders  are  horizontal,  and  are  above  the  fbot-plate. 
The  valve-chests  are  below  the  cylinders,  and  so  these  are  kept 
clear  of  condensation- water.  The  piston-rods  each  work  a  vertical 
rocking  beam,  from  the  lower  ends  of  which  the  wheels  are  driven 
by  connecting-rods.  This  arrangement  is  employed  for  the  sake 
of  keeping  most  of  the  working  machinery  out  of  the  way  of  dust. 
The  valve-gear  consists  of  a  combination  of  levers  and  rods 
worked  off  the  connecting-rod, — in  which  excentrics  and  straps 
are  dispensed  with. 

The  main  framing  of  the  car  is  of  joist  iron,  at  such  a  level  that 
the  floor  of  the  car  is  only  19  inches  above  the  level  of  the  rails. 
The  car  is  divided  into  three  portions — the  saloon  furnished  with 
longitudinal  seats,  upholstered,  for  24  passengers ;  the  pavilion  at 
the  hind  end,  over  the  hind  bogie,  as  a  smoking  department  for 
7  passengers ;  and  the  upper  story,  or  imperial,  to  which  a  stair- 
case leads  from  the  pavilion,  with  seats  for  30  passengers.  Thus 
accommodation  is  provided  for  61  passengers  in  all. 

The  following  are  the  leading  dimensions  of  the  steam  car : — 

1 1  2 
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Can- 
Length  over  all 
Extreme  breadth 

Height 

Diameter  of  bogie-wheels  of  car 

Wheel-base  of  bogie « 

Distance  between  centres  of  bogies 

Engine : — 

Diameter  of  steam-cylinders 
Length  of  stroke 
Diameter  of  coupled  wheels 
Length  of  wheel-base 
Diameter  of  boiler 
Length  of  flue-tubes  . 

Area  of  fire-grate 
Heating  surface  : — Fire-box 

Tubes    . 

Total 


Pressure  of  steam  in  boiler  (per  square  inch)    i8o  lbs. 
Capacity  of  water-tanks 
Do.         coal-bunkers  . 


Weight  :— 
Engine,  empty 

Do.     in  working  order  .        .        .        . 

Car,  empty 

Engine  and  empty  car       .        .        .        . 
Total  weight  in  working  order,  with  6i 

passengers,  and  luggage 
Driving  weight,  when   the   car   is  fiiUy 

loaded 

Net  weight  of  engine  and  car,  in  working 

order,  per  passenger       .        .        .        . 
Maximum  load  per  driving  axle 
do.       do.  per  free  axle 


Feet.    1 

[nches. 

42 

3^ 

7 

9* 

14 

I 

I 

5f 

4 

0 

30 

4f 

0 

6i 

I 

0 

2 

3i 

4 

I 

2 

3i 

4 

7 

i>qaarefeet. 

2'35 

20 

130 

150 

0    180  lbs. 

130  gallons. 

5  cwt. 

Tons. 

5 

6 

6i 

ni 

16 


10 


377  cwt. 

5 
3 


»t 


>> 


On  Sundays,  600  persons  have  been  carried  in  eight  trips, 
or,  75  passengers  at  a  time.  The  greatest  number  taken  at  a 
time  was  120.     It  is  stated  that  the  ordinary  speed  was  about 
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9  miles  per  hour,  but  speeds  of  about  19  miles  per  hour  have  been 
attained  on  a  level.  The  car  may  be  stopped  on  the  steepest 
gradients  within  from  16  to  20  feet.  It  is  reported  that  the  engine 
has  never  slipped  her  wheels,  even  in  the  most  unfavourable 
weather — in  snow,  ice,  or  fog.  The  fuel,  Saarbruck  coal,  has  been 
consumed  at  the  rate  of  iii  lbs.  per  mile,  or  72  lb.  per  ton-gross 
per  mile.  The  daily  expenses  for  working  the  steam-car  at  Lau- 
sanne, doing  29  miles  per  day,  have  been  as  follows : — 


I  engine-driver 

I  stoker 

Per  day. 

.      6    4 
•      2     9J 

I  conductor                  .... 

•      3     2 

Coal  (3  cwt.)                          ... 
Grease,  oil,  &c 

•  4    9 

•  I     7 

Or,  7'7d.  per  mile-run. 


18    7i 


It  is  stated  that  if  the  steam-car  were  worked  over  a  nearly 
level  road,  it  could  easily  make  80  miles  a  day,  at  a  daily  expense 
of  25s.,  equivalent  to  3Jd.  per  mile  run.  But  in  this  charge  there 
is  no  element  for  maintenance.     The  price  of  the  steam-car  is 

;i^I,000.* 

Independent  engines  of  the  same  type  have  been  constructed 
by  Messrs.  R.  and  W.  Hawthorn,  as  shown  in  Fig.  310.  The  cylin- 
ders are  5 i  inches  in  diameter^  and  have  ii|  inches  of  stroke. 
The  wheels  are  made  from  2  feet  to  2  feet  4  inches  in  diameter^ 
on  a  wheel-base  of  5  feet.  The  pressure  in  the  boiler  is  220  lbs. 
The  steam  is  condensed  in  tubes  placed  overhead.  The  weight 
of  the  engine  with  coal  and  water  is  6|  tons. 

Engines  of  this  class  have  been  working  at  Strasburg,  at  a  cost 
of  about  5d.  per  mile-run.  At  Hamburg  the  cost  was  4id.  per 
mile-run.  The  engines  have  also  been  at  work  on  the  Sunderland 
tramways,  where  they  can  take,  when  required,  two  cars  loaded 
with  goods,  weighing  6\  tons-gross,  up  gradients  of  i  in  25  and 

♦  The  above  particulars  of  the  steam-car  are  taken  from  Engineer' 
tng,  for  August  10,  1877,  p.  108. 
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I  in  1 8.  The  condensing  power  is  increased  in  the  naore  recently- 
made  engines,  with  a  view  to  reducing  the  back  pressure  and 
suppressing  all  the  exhaust  steam,  even  on  the  severest  inclines. 
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Rowan. 

Mr.  W.  R.  Rowan,  of  Copenhagen,  designed  a  steam-car  for 
tramways.  Fig.  311,  resembling  Mr.  Fairlie's  steam  carriage,  and 
Mr.  Brown's  car,  in  general  arrangement. 

But  Mr.  Rowan,  not  recognising  the  principle  of  Mr.  Fairlie's 
steam  carriage,  reverted   to   the  American    railway  carriage,  or 
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car,  for  his  prototype,  **  the  body  resting  on  two  bogies  or 
under- carriages  "  ;  and  "  with  a  view  of  affording  a  suitable  place 
in  which  the  engine  may  stand,"  he  naively  explained  that  "  the 
pin  of  one  of  the  bogies  is  made  hollow  and  enlarged  to  several 
feet  in  diameter,  instead  of  being  a  mere  pin  of  metal,  and  in  this 
hollow  pin  is  fixed  the  engine,  which  acts  directly  upon  the  bogie- 
wheels  underneath,  and  thus  sets  the  whole  carriage  in  motion. 
It  is  evident  that  the  enlargement  of  the  bogie-pin  will  not  affect 
the  revolving  movement  of  the  carriage  body  upon  it ;  nor  will 
the  engine  in  this  position  interfere  with  the  arrangements  for 
ascending  or  descending  to  or  from  the  upper  seats  of  the  car  at 
either  end."  * 

There  need  not  be  any  doubt  of  the  feasibility  of  the  system. 
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Fjg.  311.    DoubJe-Bogie  Steam  Car,  by  Mr.  W.  R.  Rowan,  1877. 

Scale  til. 

It  was  amply  tested  on  a  working  scale  by  Mr.  Fairlie  many  years 
ago.  The  engine  may  be  readily  detachable  from  the  body  of  the 
car,  when  required,  by  the  aid  of  a  temporary  crutch  lowered  to 
support  the  free  end  of  the  car. 

Mr.  Rowan  condensed  the  exhaust  steam  by  surface-condensa- 
tion in  a  sheet-iron  chamber,  which  is  traversed  by  a  number  of 
tubes,  either  flat  or  round,  from  end  to  end.  The  steam  was 
exhausted  into  the  chamber  surrounding  the  tubes ;  and  was  con- 
densed by  currents  of  cold  air  from  a  fan  driven  through  the 
tubes  on  its  way  to  the  furnace.  By  this  means,  the  air  might  be 
heated  to  190°  or  200°  F.,  whilst  the  steam  was  effectively  con- 
densed, and  the  condensation  water  was  pumped  again  into  the 

*  The  Employment  of  Mechanical  Motors  on  Tramways.  By 
W.  R.  Rowan,  C.E.,  1877. 
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boiler.  Mr.  Rowan  considered  that  from  i,ooo  to  2,000  square 
feet  of  condensing  surface  was  sufficient  for  an  engine  of  from  15 
to  25  horse-power. 

The  steam-car  last  constructed  by  Mr.  Rowan  was  32  feet  long 
over  all,  built  of  teak,  excepting  the  side-soles  and  the  roof.  It 
was  made  to  seat  60  passengers  inside  and  outside.  The  only 
entrance  is  at  the  hinder  end.  The  engine  was  capable  of  work- 
ing to  18  horse-power,  with  a  pressure  in  the  boiler  of  150  lbs. 
per  square  inch.  The  cars  easily  passed  on  curves  of  45  feet  radius, 
and  could  surmount  a  gradient  of  i  in  20.  The  total  weight  of  the 
car  and  engine  was  5  tons.  Mr.  Rowan  gives  the  following 
comparative  statement  of  the  '*  working  elements  "  of  a  hoiseor, 
a  car  drawn  by  a  separate  engine,  and  his  steam-car  : — 

Comparative  "Working  Elements'"  for  Horse-Power 

AND  STEAM-PoWER,   ON  TRAMWAYS. 


Working  elenents. 


Number  of  passengers 
Do.        servants 

Length  of  street  occupied    . 

Gross  weighty  including  pas- 
sengers    .... 

Weight,  without  passengers 

Maximum   weight    on    any 
wheel,  with  ^oss  load 

Maximum   weight   on    any 
wheel,  without  load  . 

Dead  weight  per  passenger 

Greatest  weight  on  driving- 
wheels,  with  full  load 

Greatest  weight  on  driving- 
wheels,  without  load 

Horse-power  for  haulage 

Steepest    working  gradient 
for  long  runs    . 


Car  drawn 

HorM-car.     ,  by  a  separate  ,     Steam-car. 

eoRinf. 


40 

2 

35  feet   j 
5i  tons 

2I        M       • 


40 
2         i 
l^  ^eet     , 
I 
gi  tons 


'•375 


»»       ' 


« '375 


»» 


?» 


I      3  cwt. 

I 
—         \      4  tons 


2  h.p. 
I  in  80 


4    ». 
18  h.p. 

I  in  40 


60 
12  feet 
9^  tons 


rso 


•625        ,,     I  I'OOO        ,,     i    foo 

I J  cwt.     I      "  -'•■••^       ' 


ft 


»» 


f  r 


I J  cwt. 
6  tons 

4    .» 
18  h.p. 

I  in  20 


On  the  results  of  the  trials  of  his  steam-car,  Mr.  Rowan  based 
an  estimate  of  the  comparative  cost  of  working  tramway  traffic  on 
his  system,  and  by  ordinary  horse- traction,  assuming  that  the 
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saving  in  tear  and  wear  of  stock  on  his  system  is  balanced  by  the 
increase  in  the  wear  of  the  road,  and  leaving,  therefore,  these 
causes  of  expenditure  out  of  the  account : — 


(i)  Steam- car s,- 

--Daily  Expenses, 

Kroner.             s. 

d. 

I  engineman 

.     7-50    or    8 

3i 

\  reserve  do 

.     ro8    ,,      I 

3 

J  cleaner 

.      I-I2      „        I 

3i 

Coke     .... 

.    9*00    ,,    10 

0 

Oil,  tallow,  waste,  &c.  . 

.     1-50    „      I 

8 

Sundry  petty  expenses  . 

.    230    „     2 

6 

22-50    ,,25    0 

Allowing  a  day's  work  of  12  Danish  miles,  or  56*16  English 
miles,  the  expenses  are  eqoffiAeat  to  5'34d.  per  English  mile,  or 
to  'OQd.  per  passenger  per  mile. 

(2)  Horse-cars. — Daily  Expenses. 

The  cost  for  horse-power  to  the  Copenhagen  Tramway  Com- 
pany, in  1874,  amounted  to  2-10  kroner  per  Danish  mile,  or  6d. 
per  English  mile ;  for  a  car  seated  for  40  passengers,  equivalent 
to  'i5d.  per  passenger  per  mile. 

From  these  statements,  it  appears  that  the  expense  of  working 
with  the  steam-car  would  be  absolutely  less  by  *66d.,  or  12^  per 
cent.,  and  that  per  passenger  it  would  be  less  by  40  per  cent., 
supposing,  of  course,  that  full  loads  were  taken  in  each  case. 

More  recently  (1891 — 93),  Rowan's  steam-car  has  been  in  use 
on  a  line  at  Stockholm,  having  gradients  of  7  per  cent,  or  i  in  14. 
It  contains  a  6-ton  motor  working  up  to  14  atmospheres  (200  lbs. 
per  square  inch),  and  carries  from  30  to  50  passengers.  The 
total  weight  available  for  adhesion  is  11  tons,  and  develops  a 
tractive  force  of  1,000  kilogrammes,  equal,  at  8  kilometres  per 
hour,  to  30  horse-power.  The  first  cost  of  such  a  steam-car  is 
about  jQ^o  at  the  works.  The  Rowan  steam-car  is  also  used  on 
seven  other  light  railways  in  Sweden,  and  on  suburban  lines  at 
Copenhagen,  Berlin,  Saarbriicken,  Moscow,  Paris,  Tours,  Lyons, 
and  Marseilles.    These  lines  are  for  the  most  part  level. 


CHAPTER  III. 

CALCULATION  OF  STEAM  LOCOMOTIVE  POWER 

ON  TRAMWAFS, 

When  the  effective  mean  pressure  in  the  cylinders  of  a  locomo- 
tive, of  which  there  are  usually  two,  is  known,  the  tractive  force  at 
the  rails  is  readily  estimated  in  terms  of  that  force,  and  the  dimen- 
sions of  the  machinery. 

Take  the  case,  nearly  universal,  of  two  cylinders  connected 
directly  to  the  driving-wheels  and  their  axle.  The  pressure  deve- 
loped in  the  pair  of  cylinders  is  thus  expressed  by  the  equivalent 
pressure  or  tractive  force,  as  at  the  rails  : — 

T  =  —^        '         '  •       ( O 

Reversely,  the  effective  mean  pressure  on  the  pistons,  equivalent 
to  a  given  tractive  force  at  the  rails,  is  expressed  by  the  formula — 

D  T  .     ^ 

(i  =r  the  diameter  of  the  cylinders,  in  inches. 

L  =  the  length  of  the  stroke,  in  inches. 

D  =  the  diameter  of  the  driving-wheels,  in  inches. 

^  =  the  effective  mean  pressure  on  the  pistons,  in  lbs.  per 

square  inch. 
T  =  the  equivalent  tractive  force  at  the  rails,  in  lbs. 

That  is  to  say: — To  find  the  tractive  force — Multiply  the  square  of 
the  diameter  of  the  pistons,  in  inches,  by  the  length  of  the  stroke, 
in  inches,  and  by  the  effective  mean  pressure  on  the  pistons  in 
pounds  per  square  inch  ;  and  divide  the  product  by  the  diameter 
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of  the  driving-wheels,  in  inches.  The  quotient  is  the  equivalent 
force,  as  tractive  force,  at  the  rails,  in  pounds. 

To  find  the  effective  mean  pressure, — Multiply  the  diameter  of 
the  driving-wheel,  in  inches,  by  the  total  equivalent  tractive  force 
at  the  rails,  in  pounds ;  and  divide  the  product  by  the  square  of 
the  diameter  of  the  cylinders,  in  inches,  and  by  the  length  of 
stroke,  in  inches.  The  quotient  is  the  effective  mean  pressure  in 
pounds  per  square  inch. 

It  is  understood,  of  course,  that  so  much  of  the  power  developed 
in  the  cylinders,  as  is  necessary  to  overcome  the  resistance  of  the 
machinery  of  the  engine,  is  intercepted  and  consumed ;  and  that 
only  the  balance  of  the  power  is  available  for  tractional  action  at 
the  rails,  and  there  exerted.  But,  for  the  sake  of  reducing,  for 
purposes  of  estimation,  all  the  resistances  of  the  engine,  as  well  as 
those  of  the  car,  to  one  standard  for  measurement,  the  whole  of 
the  steam-power  in  the  cylinders,  as  measurable  by  the  indicator, 
is  reduced  to  an  equivalent  tractional  force  at  the  rail. 


Effective  Mean  Pressures  in  the  Cylinders. 


Period  of 

Ailmivcinn  in  nnf^ts 

Effective  mean 

Period  of 

Effective  mean 

pressure  in  parts 

admission,  in 

pressure,  in  parts 

ttUIUI9Alt#U    111    ft/tti  %9 

of  the  stroke. 

of  the  maximum 

fractions  of 

of  maximum 

pressure. 

the  stroke. 

pressure. 

Per  cent. 

Per  cent. 

10 

15 

i-ioth 

i-7th  fully 

I2i 

20 

I -8th 

I -5th 

15 

W      \ 

I -6th 

i-4th 

20 

32 

i-5th 

i-3rd 

25 

^^             ) 

I -4th 

i-iith 

30 

35 

46             ) 
52             \ 

I -3rd 

i-2nd 

40 

57 

— 

— 

45 

62 

— 

— 

50 

67 

i-2nd 

2-3rds 

I            55 

1^ 

— 

1            60 

11 

^                           1 

— 

— 

65 

2-3rds 

4-5ths 

70 

85 

— 

75 

'            89 

3-4ths 

9-iotl  s 
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The  eflfective  mean  pressure  in  ordinary  steam-q^linders,  non 
condensing,  worked  by  ordinary  valves  and  link-motion,  is  given 
in  the  annexed  table,  for  various  periods  of  admission,  of  from 
lo  per  cent,  to  75  per  cent  of  the  stroke,  and  for  maximum  pres- 
sures in  the  cylinder  of  from  60  lbs.  per  square  inch  to  150  lbs. 
per  square  inch.* 

The  proportion  of  the  adhesion-weight,  or  driving- weight,  of  the 
engine,  which  measures  the  force  of  adhesion,  available  for  traction, 
is  very  variable — from  one-fifth  in  dry  weather,  according  to  the 
author's  experiments  on  the  adhesion  upon  railways,  to  one-ninth 
in  damp  weather,  when  the  rails  may  be  slippery.  To  keep  within 
the  limits  of  one-ninth,  in  the  proportioning  of  engines  to  their 
work,  ensures  the  working  the  engine  in  all  states  of  the  weather ; 
but  a  larger  fraction  may  wisely  be  assumed  for  the  purposes  of 
general  estimates,  particularly  as  the  aid  of  dry  sand  dropped  on 
the  rails  may  be  invoked,  when  necessary,  for  the  increase  of  the 
adhesive  force.    A  fraction  of  one-eighth  may  safely  be  adopted. 

The  influence  of  gradients  on  the  resistance  to  traction,  is  easily 
calculated  by  multiplying  the  gross  load  by  the  fraction  which 
expresses  the  rate  of  inclination.  The  product  is  the  amount  by 
which  the  resistance  is  increased  in  ascending  a  given  gradient ; 
or,  on  the  contrary,  reduced  in  descending  the  gradient  To 
exemplify  the  effect  of  an  ascending  gradient  in  increasing  the 
resistance,  and  reducing  the  available  gross  load,  take  such  gra- 
dients as  are  equivalent  to  30  lbs.  per  ton,  and  it  multiplies 
thus : — 

Gradient.  Resistance  due  to  gravity. 

I  in  75  or  1*33  percent.  30  lbs.  per  ton 

I  in  yj   „   270        ,,  60  lbs. 

I  in  25    „  4*00        ,,  90  lbs. 

1  in  18^,,  5*40        ,,  120  lbs. 

I  in  15   „  6*66        ,,  150  lbs. 


>» 


Taking,  as  before  adopted,  a  resistance  of  30  lbs.  per  ton,  as  the 
normal  resistance  on  a  level,  the  resistance  is  30  lbs.  more,  or  is 

*  This  table  is  copied  from  the  author's  work  on  Railway  Ma- 
chinery^ 1855,  page  116. 
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doubled,  for  an  ascending  gradient  of  i  in  75 ;  and  the  gross  load 
that  can  be  drawn  up  the  incline,  by  a  given  force  of  traction,  is 
halved : — 


On  a  level  the  available 

gross  load 

is  as    . 

.     I 

On  an  incline  of 

I  in  75» 

it  is  as 

•  4 

1 » 

I  in  37 

»» 

•  i 

i» 

I  in  25 

»> 

.    .  t 

» t 

I  in  i8i 

*i 

•  \ 

» I 

I  in  15 

»» 

■    ■  i 

As  the  tramway  engine  traverses  the  line  in  both  directions,  the 
work  done  on  each  section  of  the  line,  whether  level  or  inclined, 
may,  for  general  purposes,  be  taken,  when  averaged  for  both 
directions,  to  be  the  same  as  the  work  done  on  a  level ;  and  it  may 
be  assumed  that  the  average  period  of  admission  of  the  steam  to 
the  cylinder  is  50  per  cent,  or  half-stroke.  The  average  initial 
pressure  in  the  cylinder  may  therefore  be  assumed  as  that  due  to 
the  effective  mean  pressure  that  is  equivalent  to  the  resistance  on 
a  level. 

From  the  foregoing  rules  and  data,  the  quantity  of  steam  con- 
sumed may  be  calculated  for  a  given  distance — per  mile-run,  for 
instance ;  and  thence, — in  terms  of  the  relative  volume  of  steam, — 
the  quantity  of  water  evaporated,  and  the  quantity  of  fuel  to  be 
consumed.  The  volume  of  steam  consumed  for  a  stroke  of  one 
piston  is  half  the  capacity  of  one  cylinder ;  and  there  are  four 
halves,  or  two  cylinders,  full  of  steam,  consumed  for  one  turn  of 
the  driving-axle ;  or, 

Steam  consumed  per  turn  in  cubic  inches, 

=  7854  fl'^  X  L  X  2  ; 

=  i'57o8  //*  L (a) 

d  —  the  diameter  of  the  piston,  in  inches. 

L  =  the  length  of  the  stroke,  in  inches. 

D  =  the  diameter  of  the  driving-wheel,  in  feet. 

s  =  the  volume  of  steam  consumed,  in  cubic  feet,  per  mile. 

The  quantity  of  steam,  in  cubic  inches,  consumed  per  mile  is 
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equal  to  the  quantity  (a\  multiplied  by  the  number  of  turus  made 

in  a  mile,  or  by  5L_^^  y  and  if  this  product  be  divided  by  1728. 

3-1416  D  ^  J    i 

the  quotient  is  the  number  of  cubic  feet  consumed  per  mile.  But 
an  addition  is  to  be  made  for  the  usual  proportion  of  steam  con- 
densed in  the  cylinder — 12  percent,  of  the  indicated  quantity, 
when  the  steam  is  cut  off  at  half-stroke — and  the  total  quantity  of 
steam  actually  consumed  is  as  follows  : — 

15708  d'  L  X  5280         112 

c  —   ~  ^ '       — ._ ^  -    -     V or 

~       1728   X    3T416  D       ^     100  '   "  ' 

171  ^»L 

s  = jj •        •        •        •     (3) 

That  is  to  say : — To  find  the  average  volume  of  steam  actually  con- 
sumed per  mile,  cut  off  at  an  average  of  half  the  stroke — Multiply 
the  square  of  the  diameter  of  the  cylinder  in  inches  by  the  length 
of  the  stroke  in  inches,  and  by  1 7 1  ;  and  divide  the  product  by 
the  diameter  of  the  driving-wheels  in  feet.  The  quotient  is  the 
average  volume  of|  steam  consumed  per  mile. 

The  equivalent  quantity  of  water  required  to  be  evaporated  to 
form  the  steam  thus  calculated  is  found  by  dividing  the  volume  of 
the  steam  by  its  relative  volume ;  that  is,  its  volume  compared 
with  that  of  the  water  of  which  it  consists.     Thus  : — 

i;7i  ^'_L  ,    . 

^^  "D  X  rehvol.   ■         '         '  ^^^ 

w  =  the  average  volume  of  water  evaporated,  in  cubic  feet, 
per  mile. 

To  express  the  volume  of  the  water  in  gallons,  multiply  the 
value  (4)  by  6*2355,  the  number  of  gallons  in  a  cubic  foot* 
Thus  :— 

—  ^71  X  6-2355  X  d^\. 
^  -  D  X  rel.  vol."      '  ^^ 

^  ^  D  X  rel.  vol.    *         *         '         •IS) 
w  =  the  average  volume  of  water  evaporated,  in  gallons,  per  mile. 
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That  is  to  say: — To  find  the  average  volume  of  water  as  steam 
consumed  per  niiky  cut  off  at  an  average  of  half  the  stroke — i.  In 
CUBIC  FEET.  Multiply  the  square  of  the  diameter  of  the  cylinders 
in  inches,  by  the  length  of  the  stroke  in  inches,  and  by  i'7i ;  and 
divide  the  product  by  the  diameter  of  the  driving-wheels  in  feet, 
and  by  the  relative  volume  of  the  steam.  The  quotient  is  the 
volume  of  water  in  cubic  feet 

2.  In  GALLONS.  Perform  the  same  calculation  as  the  preceding, 
except  that  the  multiplier  107  is  to  be  employed  instead  of  171. 
The  quotient  is  the  volume  in  gallons. 

To  facilitate  such  calculations,  particulars  of  the  volume  and 
density  of  saturated  steam  are  given  in  the  following  table, 
abstracted  from  the  author's  larger  table.* 


Density  and  Volume  of  Saturated  Steam. 


Pressure  per 

Density,  or 

squar«*  inch  above 
tne  atmosphere. 

weight  of  on 

cubic  foot. 

lbs. 

lbs. 

0 

•0380 

5 

•0507 

10 

•0625 

15 

•0743 

20 

•0858 

22 

•0905 

W 

•0952 

■0996 

28 
30 

•I0d2 
•1089 

32 

'"^^12^ 

'i> 

•I  179 

•1224 

38 

•1269 

40 

•I3M 

42 

•1364 

\ 

•1403 

•1447 

48 

•1493 

Volume  of  one 


steam. 


Cubic  feet. 
26*36 
1972 

15-99 
13*4^ 

ir65 
ii'04 
10-51 
10*03 

9'59 
9*i8 

8*82 

8-48 

8*17 

7-88 

7*6i 

r2fi 

7*12 

6*90 
6*70 


Relative  volume,  or 

cubic  feet  of  steam 

from  one  cubic  foot 

of  water. 


Relative  volume. 
1,642 
1,229 

996 

838 

726 

688 

655 
625 

S98 

572 

550 
529 

509 

491 

474 
455 

444 
430 
417 


•  See  A  Manual  of  Rules,  Tables,  and  Data  for  Mechanical 
Engineers,  1 877 ,  page  387 . 
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Density  and  Volume  of  Saturated  Steau— continued. 


PrMtnreper 

Density,  or 

1 

Volume  of  one 

Relative  volume,  or  1 
cnbtc  feet  of  steam  ' 

square  inch  above 
tbe  atmosphere. 

weiKut  of  one 
cubic  foot. 

pound  of  steam.  ' 

from  one  cubic  foot 
of  water. 

1 

lbs. 

lbs. 

Cubic  feet. 

Relative  volume. 

50 

•1558 
•1583 

6-49 

405 

52 

632 

393 

54 

•1627 

6-15 

m 

50 

•1670 

w> 

373 

§^ 

•1714 

363 

60 

•1759 

5-68 

353 

62 

•1804 
•1848 

5-54 

345 

% 

5-41 

337 

•189I 

529 

329 

68 

•1935 

5-17 

321 

70 

•1980 

5-05 

iii 

72 

•2024 

4-94 

It 

•2067 

4-84 

301 

•2III 

474 

295 

78 

•2155 

4-64 

289 

80 

•2198 

4*55 

283 

82 

•2241 

4-46 

278 

!l 

•2285 

4*37 

272 

86 

•2329 

4-29 

267 

88 

•2351 

4*25 

265 

90 

•2414 
•2456 

4-14 

257 

92 

4-07 

253 

"$ 

•2499 

4-cx) 

249 

•2543 

3*93 

24s 

98 

'^1^^ 

3-86 

241 

100 

•2628 

380 

23^7 

105 

'27^9. 

3-65 

227 

no 

•2845 

3-5I 

219 

115 

•2955 

338 

211 

120 

•3060 

3-27 

203 

When  the  ordinary  evaporative  performance  of  the  fuel  used  in 
the  boiler  is  known : — the  quantity  of  water  evaporated  per  pound 
of  fuel,  or  the  quantity  of  fuel  required  to  evaporate  a  cubic  foot 
of  water — the  average  quantity  of  fuel  consumed  per  mile  is  easily 
estimated,  from  the  quantity  of  water  consumed.  The  evaporative 
performance  above  defined  is  usually  expressed  in  terms  of  the 
weight  of  water  evaporated  per  pound  of  fuel     The  volume  of 
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water,  taken  as  cold  water,  in  cubic  feet  per  mile,  may  be  multi- 
plied by  62  J,  to  give  the  weight  of  water  in  pounds ;  or  the  volume, 
if  expressed  in  gallons,  is  to  be  multiplied  by  10,  to  give  the  weight 
of  water  in  pounds.  The  product  so  found  is  divided  by  the 
evaporative  ratio  of  the  fuel,  and  the  quotient  is  the  average  quan- 
tity of  fuel  consumed  per  mile. 

To  exemplify  the  application  of  the  foregoing  rules,  with  the 
tables  and  the  deductions,  take  the  locomotives  constructed  by 
Messrs.  Merryweather  &  Sons,  for  the  tramwa3rs  of  Pans  (Reseau 
Sud).  The  cylinders  are  6  inches  in  diameter,  with  a  stroke  of 
9  inches ;  the  driving-wheels  are  2  feet  in  diameter.  The  weight 
of  the  engine  in  full  working  condition  is  4  tons,  and  it  draws  a 
loaded  car,  say,  7  tons  in  weight.  The  gross  weight  to  be  drawn 
is  II  tons;  and  the  total  resistance,  on  the  level,  at  a  uniform 
speed,  at  the  rate  of  30  lbs.  per  ton,  is  (11  X  30=)  3 30  lbs.  at 
the  rail.  To  find  the  equivalent  pressure  on  the  pistons — the 
effective  mean  pressure,/,  by  formula  (2) : — 

D  T        24  X  330  ,,  .     , 

/  =  -.J- -  =  ~^ —         =  24*4  lbs.  per  square  mch. 

By  the  table,  to  produce  an  effective  mean  pressure  of  24-4  lbs. 
per  square  inch,  the  initial  pressures  for  different  periods  of  ad- 
mission, or  cut-offs,  are  as  follows : — 


For  a  Uniform  S^eed. 

Per 
square  inch. 

Cutting  off  at  Jth,  the  Initial  pressure  is  24*4  lbs.  x  3    ^  TS  lbs. 
Do.         ith  do.  24*4  lbs.  X  2\  m^  t\  lbs. 

Do.         ^rd  do.  24*4  lbs.  x  2    «  49  lbs. 


For  starting  the  train  on  the  level,  allow  four  times  the  tractive 
force,  or  four  times  the  effective  mean  pressure  required  for  a 
uniform  speed — ^in  this  case,  1,320  lbs.  traction,  or  98  lbs.  per 
square  inch  in  the  cylinders ;  then — 

K  K  2 
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For  Starting  the  Train,  P».   . 

^  aqnare  men. 

Cutting  off  at  |  the  initial  pressure  is  98  lbs.  x  —  =  109  lbs. 

Do.  \  do.  98  lbs.   X   5  =122  lbs. 

4 

« 

If  the  pressure  in  the  boiler  be  120  lbs.  per  square  inch,  it  is 
sufficient  for  the  exertion  of  the  extreme  tractive  forces  above 
assumed. 

But,  suppose  that  the  rate  of  the  ruling  gradient  of  the  tramway 
amounts  to  i  in  25.  For  the  same  tractional  force,  the  gross  load 
that  can  be  taken  up  the  line  is,  by  the  statement,  page  495, 
reduced  to  one-fourth.  To  take  up  the  same  load,  therefore,  as 
on  the  level,  the  effective  mean  pressure  in  the  cylinder  should  be 
four  times  as  much  as  on  the  level,  so  that  four  times  the  tractive 
force  may  be  exerted.  That  is,  instead  of  an  effective  mean  pres- 
sure of  24^  lbs.  per  square  inch,  there  must  be  98  lbs.  effective 
pressure,  being  the  same  as  was  assumed  for  starting  the  train  on 
a  level.  For  the  exertion  of  this  pressure,  it  has  already  been 
shown  that  the  initial  pressure  in  the  cylinder  would  amount  to 
109  lbs.  per  square  inch,  supposing  that  the  steam  were  admitted 
for  three-fourths  of  the  stroke,  or  to  122  lbs.  for  two-thirds  of  the 
stroke. 

This  example  is  sufficient  to  illustrate  the  wideness  of  the  range 
of  power  that  may  be  exerted  by  a  tramway  steam-locomotive. 

To  find,  by  formula  (4)  or  (5),  page  496,  the  average  quantity 
of  water  actually  consumed  as  steam  per  mile,  supposing,  as  was 
assumed,  that  the  average  period  of  admission  is  half  the  stroke. 
To  find,  in  the  first  place,  the  relative  volume,  which  is  a  Oactor  in 
the  formula,  the  initial  pressure  in  the  cylinder  is  to  be  determined. 
For  an  effective  mean  pressure  of  24^  lbs.  per  square  inch,  cutting 
off  at  half-stroke,  the  initial  pressure  is,  by  the  table,  page  497, 
(24^  lbs.  X  f  =)  37  lbs.  per  square  inch  above  the  atmosphere. 
By  formula  (4)  or  (5),  page  496,  for  which  //=6,  L=9,  D=2, 
and  the  relative  volume  of  steam  of  37  lbs.  effective  pressure, 
is  500  : — 
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1-71    X   6'  X   9  ,  .     r 

^=       "2  X  500     -  =  -554  cubic  feet; 

107  X  6^  X  9 
or  w  =  2  X  500       ~  ^'"^^  gallons  : 

the  average  quantity  of  water  consumed  per  mile. 

To  estimate  now  the  quantity  of  fuel — which  is  coke — con- 
sumed per  mile  by  Messrs.  Merryweather's  engine,  it  may  be 
assumed,  in  the  absence  of  positive  data,  that  7  lbs.  of  water  are 
evaporated  per  lb.  of  coke.  Reducing,  then,  the  volume  of  water, 
'554  cubic  feet,  or  3-47  gallons,  to  pounds,  and  dividing  the 
weight  by  7 — 

•554  X  62 J  =  34-35  pounds;  and  ^^-^  =  5  lbs. 

or  3-47  X  10    =  34*70  pounds  ;  and  -~      =  5  lbs. 

— showing  a  consumption  of  coke  at  the  rate  of  5  lbs.  per  mile 
run  by  the  engine,  in  drawing  a  gross  load  of  1 1  tons,  including 
the  weight  of  the  engine.  To  this,  of  course,  is  to  be  added  an 
allowance  for  getting  up  steam,  and  for  contingent  waste  of  steam 
and  fuel — say  10  per  cent. ;  making  an  addition  of  \  lb.  of  coke 
per  mile,  and  altogether  5  J  lbs.  of  coke  consumed  per  mile. 

Thus,  by  a  simple  process,  founded  on  general  experimental  data, 
the  exact  quantity  of  coke  actually  consumed  by  those  engines,  as 
working  on  the  Paris  tramways,  is  arrived  at.  They  consume 
250  kilogrammes,  or  550  lbs.  of  coke  for  100  miles  run;  which  is 
equivalent  to  5 J  lbs.  per  mile,  the  same  as  has  just  been  calcu- 
lated. 

The  foregoing  values  for  water  and  fuel  give  the  following 
data: — 

Average  Consumption  ^er  Ton  Gross  per  MilC'ruu, 

i  pound  of  coke. 
3 '5  pounds  of  water. 


CHAPTER  IV. 

FIRELESS  TRAMWAY  LOCOMOTIVES. 

A  BODY  of  water  heated  under  pressure,  spontaneously  generates 
and  disengages  steam,  when  the  pressure  is  permitted  to  fall.  The 
temperature  at  the  same  time  falls,  according  to  the  decline  of  the 
pressure ;  and  the  temperature  and  pressure  correspond  exactly 
as  if  steam  were  generated  by  the  application  of  heat  to  the  water 
under  a  given  pressure. 

The  corresponding  pressures  and  temperatures  may  be  ascer- 
tained by  referring  to  a  table  of  the  properties  of  satiu'ated  steam, 
and  the  quantity  of  steam  that  may  be  spontaneously  generated 
during  the  fall  of  the  temperature  may  be  calculated  with  exact- 
ness. For  example,  suppose  a  pound  of  water,  heated  to  the 
temperature  of  445^  F.,  necessarily  under  the  corresponding  total 
pressure,  400  lbs.  per  square  inch,  and  cooled  to  the  temperature 
281^  F.,  corresponding  to  the  total  pressure,  50  lbs.  per  square 
inch.*  The  quantity  of  heat  disengaged  is  measurable  by  the  &11 
of  temperature  (445°  —  281°  =)  164°,  and  for  a  pound  of  water  the 
loss  of  heat  is  164  units.  The  heat  so  disengaged  is  available  for 
evaporating  water — ^in  fact,  a  portion  of  the  heated  water  itself^ 
into  steam.  Now,  the  total  heats  of  the  two  steams  are  as 
follows : — 


Total  hoat  in  x  lb. 

of  ftteam  from  o*  P. 

Total  prcMure. 

Temperature. 

Units  (or  deg^rees). 

Diiremice. 

400  lbs. 

■..       445° 

1,249 

804° 

50  lbs. 

281° 

..•         It'99 

918'' 

(Mean)  225  lbs.       ...        —  —  ...       861'' 

•  See  Manual  0/  Rules,  Tables,  and  Data,  1877,  page  387. 
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The  mean  difference,  or  excess  of  heat  in  the  steam  above  the 
sensible  heat,  is  861°,  or  861  units  for  i  lb.  of  steam;  and  as  the 
quantit)'  of  heat  disengaged  by  i  lb.  of  water  in  falling  from  445^ 
to  281°  is  164  units,  there  are  required  (861  -j-  164  =)  5*25  lbs. 
of  the  heated  water  to  supply  heat  sufficient  to  evaporate  i  lb.  ot 
the  heated  water.  That  is  to  say,  out  of  5*25  lbs.  of  heated  water 
I  lb.  is  evaporated  "spontaneously."  In  round  numbers,  one- 
fifth  of  the  heated  water  is  evaporated  during  the  fall  of  tempera- 
ture from  445^  to  281^.  By  a  similar  calculation,  it  is  found  that 
the  proportional  quantities  of  heated  water  evaporated  in  falling 
to  the  temperature  281°,  and  total  pressure  50  lbs.  per  square  inch, 
from  other  temperatures  and  pressures,  are  as  follows  : — 


Falling  to  Total  Final  Pressure ^  50  lbs,  per  square  inch. 


Total  initial  pressure 
in  lbs.  per  square  inch. 

400  lbs. 

Initial  tecax- 
perature. 

445° 

One  pound  of  water 
evaporated  in 

5*25  lbs.  of  heated  water. 

350        M 

430' 

...        5-82 

300    ,, 

418° 

6-35 

250    ,, 

401° 

Tl^ 

200    ,, 

382° 

...        874 

150    „ 

358^ 

1 1 '60 

100    ,, 

328= 

:9-2o 

It  may  be  said  that,  in  round  numbers,  a  fifth  of  the  heated 
water  is  evaporated  in  falling  from  a  total  pressure  of  400  lbs. 
per  square  inch  to  50  lbs.  per  square  inch,  and  that  a  ninth 
is  evaporated  in  falling  from  200  lbs.  to  50  lbs.  per  square 
inch. 

Without  going  further,  it  is  obvious  that  between  the  limits  of 
400  lbs,  and  200  lbs.  initial  pressure  in  the  reservoir,  worked 
down  to  50  lbs.,  a  quantity  of  water,  in  round  numbers,  from  five 
to  nine  times  the  quantity  of  water  that  can  be  converted  into 
steam,  must  be  constantly  carried  on  the  engine : — a  tax  by  which 
engines  constructed  on  this  principle — the  principle  of  spontaneous 
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evaporation — are  unfitted  for  taking  the  place  of  ordinary  steam- 
locomotives  for  work  in  the  open  air. 


COCKERELL. 

An  instructive  practical  trial  was  made  in  June,  1874,  by  the 
Socidte  J.  Cockerell,  of  Seraing,  in  Belgium,  with  one  of  their 
locomotives  of  the  class  designed  for  indoor  service.*  The  boiler 
was  vertical,  6J  feet  high,  and  had  two  transverse  water-tubes  in 
the  fire-box ;  the  chimney  rose  direct  from  the  fire-box,  passing 
upwards  through  the  steam-space.  The  boiler  was  not  clad  on 
the  lower  half  of  it,  nor  on  the  top,  which  was  3  feet  in  diameter. 
There  were  two  cylinders,  8  inches  in  diameter,  with  a  lo-inch 
stroke ;  four  coupled  wheels,  24  inches  in  diameter,  5  feet  apart 
between  centres,  to  a  gauge  of  4  feet  1 1  inches.  The  total  capacity 
of  the  boiler  was  35  cubic  feet.  The  weight  in  working  order  was 
8}  tons ;  say,  with  four  or  five  men,  9  tons. 

First  Experiment. — The  locomotive  at  rest  in  the  open  air. 
Twenty-five  cubic  feet  of  cold  water  was  measured  into  the  boiler. 
The  fire  was  lit,  and,  in  the  course  of  2  J  hours,  steam  was  got  up 
to  10  atmospheres  effective.  The  water  level  rose  1*38  inches 
in  the  glass,  corresponding  to  a  dilatation  of  (i'38  x  "78  =) 
1*076  cubic  feet,  or  i-33rd  of  the  initial  volume,  passing  from 
the  temperature  54°  F.  to  365°  F. 

The  fire  was  then  extinguished,  and  the  grate  was  withdrawn. 
The  chimney  was  hermetically  sealed  at  the  upper  end.  The  fire- 
door  was  simply  closed ;  there  was  no  closure  for  the  ash-pan. 
The  weather  was  fine,  the  temperature  was  77°  F.  in  the  shade, 
and  at  5  p.m.  the  locomotive  was  left  to  itself,  when  the  initial 
effective  pressure  was  9*40  atmospheres. 

•  Annates  Industrie  lies  t  February  7,  1875,  col.  175. 
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JLoco motive  at  Rest,    Initial  Effective  Pressure  9*40  Atmospheres, 


1 

Time  elapsed. 

1 

Fall  of  presmires. 

Fall  of  level. 

1 

h.      m. 

Atmospheres. 

Inches.' 

0      10  (5  P.M.)      1 

000 

000 

1        0      15 

1-30 

039 

!         0      30 

2*40 

0-67      • 

'       0    45      • 

3*40 

o'9i 

1       1       0 

4-15 

no 

1       '     ^^ 

480 

1*26 

I     30 

5*35 
5-Bo. 

1-38 

»     45 

1-50 

2      0 

6- 20 

r6i 

2     15 

6*6o 

173' 

2     30 

695 

1-81 

2     45 

7-30 

I  93 

3      0 

7-60 

2-05 

3     15 

7-85 

2'2I 

4     15  (9-^5  P-M.) 

8-40 

2-68 

16       0(9  A.M.) 

9-46 

3-2/ 

At  the  commencement  of  the  observations,  when  the  effective 
pressure  was  9*40  atmospheres,  the  boiler  contained  24*07  cubic 
feet  of  water  as  at  54°  F.  At  the  time  of  the  last  observation, 
when  the  pressure  had  fallen  to  atmospheric  pressure,  and  the 
boiler  was  cool  enough  to  permit  of  the  hand  being  laid  upon  it, 
the  quantity  of  water,  as  at  54^  F.,  contained  in  the  boiler,  only 
amounted  to  22*54  cubic  feet ;  showing  an  apparent  loss  of  1*53 
cubic  feet,  in  16  hours,  at  joints  or  cocks,  although  no  escape  had 
been  apparent.  The  provision  against  cooling  was  not  con- 
siderable. The  surface  of  the  fire-box  in  free  contact  with  air, 
amounted  to  49  square  feet;  that  of  the  chimney  3  J  square  feet. 
It  may  be  noted  that  whilst  the  pressure  fell  rapidly  at  the  com- 
mencement, it  fell  less  rapidly  as  it  became  lower. 

Second  Experiment, — The  locomotive,  alone,  was  run  to  and 
fro  upon  a  piece  of  railway  552  yards  in  length,  consisting  of  two 
straight  pieces  connected  by  a  slight  curve.  The  line  was  nearly 
level ;  it  had  a  slight  gradient  of  about  i  in  400,  at  one  end.  It 
was  in  good  order,  but  it  contained  several  points  and  crossings. 

Steam  was  got  up  to  a  pressure  of  upwards  of  10  atmospheres 
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efifective,  in  2\  hours  after  lighting  the  fire.     The  fire  was  then 
drawn,  and  the  mouth  of  the  chimney  was  hermetically  sealed 
around  the  exhaust-pipe,  which  was  prolonged  upwards  through 
the  chimney.     The  circulation  of  cold  air  through  the  boiler  was 
thus  prevented.    The  fire-door  was  closed ;  but  the  ash-pan  w^as 
left  open.    The  cylinder-cocks  were  open  for  some  time  at  start- 
ing, and  the  steam  was  cut  off  at  80  per  cent  of  the  stroke. 
During  the  journey  the  steam  was  cut  off  at  60  or  70  per  cent. 
During  the  last  rmi,  the  maximum  admission  for  steam  was  required, 
with  the  regulator  wide  open.     Four  or  five  men  were  carried  on 
the  engine. 

There  was  a  slight  wind  blowing,  and  to  neutralise  the  circum- 
stances of  wind  and  gravity  as  far  as  possible,  the  engine  was  run 
to  and  fro  several  times.  The  effective  pressure  at  the  commence- 
ment amounted  to  10*30  atmospheres ;  there  were  24*91  cubic  feet 
of  water,  as  at  54°  F.,  in  the  boiler ;  and  of  steam  10  cubic  feet. 
At  the  end  of  the  last  return  trip,  the  effective  pressure  was  i 
atmosphere;  there  was  21*66  cubic  feet  of  water,  as  at  54^  F., 
and  13*29  cubic  feet  of  steam.  The  total  fall  of  pressure  was, 
therefore,  9  atmospheres,  and  the  quantity  of  water  consumed  was 
3*25  cubic  feet.  The  following  are  the  results  of  the  experi- 
ment : — 


Locomotive  alone  in  Motion.    Initial  Effective  Pressure^ 

I  o-  30  ^  tmospheres. 


Time  elapsed. 

1 

Total  distance 
nin. 

Averagfe  speed 
each  trip. 

I 

Fall  of  pressure. 

Minutcf. 

Yards. 

Miles  per  hour. 

Atmospheres. 

1                 0 

0 

0 

0*0 

3 

552 

6-31 

2*30 

5 

1.104 
1 ,656 

9*44 

3-«o 

7 

9' 44 

5-05 

9     • 

2,208 

9*44 

6-10 

12 

2,760 

6-31 

/•05 

15 

3.312 

6-31 

7-90 

18 

3.86a 
4,416 

6-31 

8-65 

^2^ 

378 

9*30 
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At  the  end  of  the  last  run,  the  engine  was  pushed  home  by  two 
men  for  a  few  yards. 

The  total  distance  run  was  2*51  miles,  and  the  water  consumed 
was  at  the  rate  of  (3*25  -4-2-51  =1)  1*30  cubic  feet,  or  87  lbs.,  per 
mile.  Allowing  an  evaporative  power  of  7  lbs.  of  water  per  lb. 
of  fuel,  the  fuel  consumed,  if  the  steam  had  been  generated  on 
the  journey,  would  have  amounted  to  (87  -^  7  =)  12J  lbs.  per 
mile;  equivalent  to  (12^  -+■  9  =)  1*40  lbs.  per  ton  gross  per 
mile. 

It  was  observed  that,  though  very  little  water  or  priming  ap- 
peared with  the  exhaust-steam  when  the  pressure  was  high, 
there  was  a  notable  increase  of  priming  towards  the  end  of  the 
trial,  when  the  pressure  had  fallen. 

Third  experiment, — ^The  locomotive  with  one  waggon  was  run 
to  and  fro  on  the  experimental  line.  Immediately  after  the  last 
experiment,  steam  was  again  got  up  in  the  engine.  In  i  hour 
10  minutes,  an  effective  pressure  of  10  atmospheres  was  got  up ; 
whilst  the  boiler  was  refilled.  The  fire  was  withdrawn,  and  the 
chimney  was  sealed,  as  before.  An  ordinary  waggon,  in  ordinary 
condition,  was  coupled  to  the  locomotive.  The  waggon  had 
4  wheels,  3  feet  3  inches  in  diameter,  at  9  feet  9  inches  apart 
between  the  axles.  It  was  fitted  with  a  screw-brake,  and  its  weight 
with  a  small  load  was  8*8o  tons.  The  gross  weight  drawn  was 
as  follows : — 

Tom. 

Locomotive 9 

Waggon 8-8o 


1 7 'So 


The  initial  effective  pressure  in  the  boiler  was  loj  atmo- 
spheres, and  the  final  pressure  was  2*30  atmospheres.  There 
were  24*91  cubic  feet  of  water  in  the  boiler  at  the  commence- 
ment of  the  trial,  and  21*91  cubic  feet  at  the  termination,  after 
six  trips  were  made ;  showing  that  3  cubic  feet  of  water  were  con- 
sumed on  the  trial. 
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Ijocomotive  and  One  Waggon  in  Motion,     Initial  Effective 

Pressure^  10*50  Atmospheres, 


Time  clafMed. 


Total  dUUnce 


run. 


Minutes. 
O 

2*5 

5 

/•5 

9*5 
12-5 

15-5 


Yards. 
0 

1,104 
1,656 
2,208 
2,760 


AversM  speed 
eacn  trip. 

Miles  per  hour. 
O 

7*53 

7*53 

7-53 

944 
6*31 

6*31 


Fall  of  pressure. 


Atmospheres. 
O 

1-85 

3'50 
5*00 

6*25 

7-30 
8-20 


The  total  distance  run  was  1*90  miles,  and  the  water  was  con- 
sumed at  the  rate  of  (3  -5-  i'qo  =)  1*58  cubic  feet,  or  99  lbs.  per 
mile;  or,  calculating  as  before,  14  lbs.  of  fuel  per  mile,  equiva- 
lent to  (14  -r  17  "80  =)  o*  7  9  lb.  per  ton  gross  per  milei 

The  performance  of  the  engine  was  more  economical  in  the 
last  experiment ;  for  the  addition  of  the  waggon  caused  but  a  small 
addition  to  the  quantity  of  water  consumed.  The  comparative 
economy  of  steam  in  the  third  experiment  is  due  to  the  higher 
pressure  necessarily  employed  in  the  cylinders  to  overcome  the 
resistance  of  the  greater  weight  to  be  drawn,  and  to  the  greater 
efiiciency  of  the  steam  in  consequence,  against  the  constant  resis- 
tance of  the  atmosphere.  The  following  data  are  derived  from 
the  results  of  the  third  experiment: — 

Ai'crage  Consumption  per  Ton  Gross  per  Mile^Run, 

i  of  a  pound  of  coke  [in  heating  up  the  water]. 
^\  pounds  of  water. 

The  distance  run  for  these  rates  of  consumption  was  2  miles, 
on  a  line  of  railway  practically  level. 

These  results  do  not  compare  advantageously  with  those  of  the 
Merry  weather  locomotive,  page  501,  where  it  appears  that  this 
engine  consumed  only  \  lb.  of  coke  per  ton  gross  per  mile,  against 
the  resistance  of  a  tramway,  and  on  inclines ;  whereas  in  the  ex- 
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periment  with  heated  water,  ^  lb.  of  coke  is  the  equivalent  of  the 
quantity  of  water  consumed  on  a  railway  nearly  level. 


Francq. 

M.    L^on   Francq,   in    1875,   patented   a   fireless    locomotive 
containing  some  improvements  on   Dr.  Lamm's  engine.     The 
reservoir  was  3  feet  9  inches  in  diameter,  and  about  6  feet  8  inches 
long  ;  it  was  filled  for  about  three-fourths  of  its  capacity — 50  to 
60  cubic  feet — with  water ;  which  is  put  in  communication  with 
one  or  more  stationary  boilers,  from  which  steam  is  admitted 
through  a  perforated  pipe  into  the  water.     The  steam  in  the 
boilers  had  a  pressure  of  156  lbs.  per  square  inch;  the  pressure 
obtained  in  the  reservoir  is  135  lbs.  per  square  inch.     If  the 
communication  were  continued  for  a  sufficient  length  of  time,  the 
pressure  in  the  reservoir  would  become  equal  to  that  in  the  boiler ; 
but  the  rate  of  absorption  of  heat  and  rise  of  pressure  decreases 
gradually  as  the  pressure  is  elevated,  and  for  economy  of  time  it  is 
found  expedient  to  arrest  the  process  of  heating-up  at  a  lower 
limit  of  pressure  and  temperature  than  that  in  the  boilers.    The 
steam  from  the  reservoir  is  admitted  to  an  intermediate  chamber, 
where  it  is  maintained  at  a  fixed  pressure,  the  degree  of  which  is 
adjusted  by  means  of  a  throttle-valve.    There  is  a  pair  of  vertical 
cylinders,  about  6  inches  in  diameter,  with  a  stroke  of  about 
12  inches,  which  work  an  intermediate  crank-shaft,  from  which 
the  four  wheels  are  driven  by  outside  coupling-rods.     The  wheels 
are  about   26  inches  in  diameter,  and  the  two  axles  are  at  a 
distance  of  4^  feet  apart.     By  a  system  of  double  firames,  the 
passage  over  curves  was  facilitated.     The  locomotive  was  con- 
trolled by  a  brake  having  eight  blocks,  which  were  applied  to  the 
wheels  successively.     The  stopping  was  thus  effected  promptly 
and  without  shock.     The  exhaust-steam  was  delivered  into  two 
air-surface  condensers,  one  on  each  side  of  the  car,  each  con- 
sisting of  a  group  of  small  copper  tubes.     It  was  in  contemplation 
to  apply  three  cylinders  to  work  as  compound  cylinders.    The 
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locomotive   was   heavy :    it   weighed,   empty,   6*50   tons ;    fall, 
8*30  tons. 

In  trials  of  this  engine  on  the  tramway  between  Saint-Augustin 
and  the  Boulevard  Bineau — a  distance  of  2^  miles— drawing  one 
omnibus  of  2  tons  weight,  with  eight  passengers — it  was  observed 
that  the  pressure  in  the  reservoir  fell  from  156  lbs.  per  square  inch 
to  50  lbs.,  during  the  double  trip  of  5  miles.  For  the  first  ten 
minutes  of  the  service,  no  exhaust-steam  was  visible  from  the 
engine ;  but,  afterwards,  a  considerable  quantity  of  steam  escaped, 
and  proved  an  annoyance  to  the  passengers  who  travelled  in  a 
following  car  drawn  by  horses. 

In  the  more  recently  designed  engines  on  M.  Francq's  system, 
constructed  by  M.  Cail,  the  wheels  were  2  J  feet  in  diameter,  and 
the  axles  were  4  feet  3  inches  apart,  that  the  engine  might  pass 
easily  over  curves  of  15  metres,  or  49  feet  radius.  The  cylindrical 
reservoir  was  of  steel  plate,  '56  inch  thick,  and  was  i  metre  in 
diameter  and  2  metres  long,  or  3*28  by  6-56  feet  The  authorised 
limit  of  pressure  was  213  lbs.  per  square  inch,  nearly  fifteen  atmo- 
spheres. The  reservoir  was  coated  with  cork  and  wood.  The 
regulator  was  so  arranged  that  the  driver  might  fix,  before  starting, 
the  maximum  pressure  of  the  steam  upon  the  pistons ;  and  that,  at 
the  same  time,  he  might  reduce  the  pressure  below  the  maximum, 
according  to  the  requirements  of  the  engine.  The  steam  was 
exhausted  into  a  cast-iron  box,  and  thence  into  a  condenser,  dis- 
posed on  the  surface  of  the  reservoir,  before  escaping  into  the 
atmosphere. 

The  advantages  formally  claimed  for  M.  Francq's  locomotive 
are :  I.  The  production  of  steam  at  a  low  cost,  in  a  fixed  boiler, 
using  coal  as  it  comes  firom  the  mine.  2.  Reduction  of  dead 
weight,  since  no  fuel  is  conveyed  on  the  engine.  3.  Employment 
of  a  high  pressure  for  ascending  inclines,  and  no  escape  of  steam 
in  descending  inclines.  4.  Reduction  of  the  number  of  attend- 
ants, a  single  man  being  able  to  conduct  the  engine  and  keep  a 
look  out. 

The  cost  for  engine-power  by  this  system  on  the  Rueil-Marly 
Tramway,  in  France,  4*54  miles  in  length,  is  here  given  in  detail, 
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accprding  to  a  statement  by  M.  Gaune,  the  manager  of  the  line, 
made  in  February,  1880  : — 


>» 


»f 


per  year 


Cost  for  Traction  per  Month 

Coal  in  stationary  boiler  for  supplying  hot  water. 

1,553  kilogrammes  per  day,  per  tonne 
Oil,  7*50  kilos,  per  day 
Tallow,  i'83  kilos. 
Waste,  1*82  kilos. 
Brooms         .... 
White  and  red  lead,  43*20  kilos. 
Fire-bars,  6J  per  month 
Spun  yam,  3*60  kilos,  per  year 

Tiles 

Packing,  &c. 

Tube-brushes 

Foreman's  wages,  half  for  traction,  275  fr.  -H  2= 

Firemen,  i  day  and  i  night,  per  day  . 

3  fitters,  per  hour 

I  fitter  for  stationary  boilers 

1  smith  and  i  stoker,  ®  i — 5th  of  their  time 

3  drivers 2  @  6  fr. 

3  firemen  on  engines 

2  spare  firemen 


(Francq). 

P©r 

@  29  fr. 
,,  I'lo  fr. 
,,  I'lo  fr. 
M  '32  fr. 

„  -90  fr. 


»  5*5  fr- 
M  '55  fr- 


I  ,,  6'66  fr. 
„  4  fr. 


The  books  from  September  8,  1878,  to  February 
9,  1880  (14  months),  show  an  expenditure  of 
724*90  fr.  for  renewal  of  engines,  or  per  month 

Also  1,400  fr.  per  year  for  tyres,  or  per  month    . 

Total  for  working  and  repair 


Month. 
Francs. 

i»357 

247*5 
60 

17*40 

3 

17 

0.3 

13 

13 

4 

137-5 

330 

495 
165 

59 
560 

360 

270 

4.1 167 


60 
"7 

4»2937 


The  total  length  nm  per  month  was  10,455  kilometres,  or  6,534 
miles ;  and  this  sum  is  at  the  rate  of  6 '5  yd.  per  mile  run,  of  which 
4'9id.  is  running  expenses,  and  i*6od.  for  repairs.  Allowing  a 
sinking  fund  for  the  repair  and  renewal  of  the  stationary  boilers, 
the  total  charge  is  estimated  to  amount  to  7*28d.  per  mile  run. 
The  way  is  laid  on  one  side  of  the  highway,  and  consists  of 
Vignoles  rails  on  sleepers  in  ballast.     It  is  not,  therefore,  a  tram- 
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way  as  usually  understood :  the 
rails  arc  plain,  and  the  resis- 
tance  of   the    way   may  be 
averaged,  as  a  maximum,  at 
15  lbs.  per  ton-gross,  or  halt 
the  resistance  of  the  grooved 
tramway  ;  except  on  the  Port 
Marly  incline,  i^  miles  long, 
averaging  i  in  25  gradient,  on 
I     which  the  rails  are  of  an  ordi- 
g      nary  grooved    section.      The 
"A      engines  weigh  6J  tons  empty, 
g      and  8'3o  tons  in  working  order. 

1  Talcing  3,  4,  or  5  cars  with 
£  passengers,  averaging  17  tons, 
g  the  gross  weight  moved  is, 
3  say,  25  j  tons.  The  liiel  is  con- 
S  sumed  at  the  rate  of  15}  lbs. 
SI  per  mile  run,  or  -61  lbs.  per 
g  ton-gross  per  mile,  equivalent 
\  to  twice  as  much,  or  1-23  lbs. 
I,  per  ton-gross  per  mile  on  a 
S)     grooved  tramway. 

S         The    fireless    locomotives, 

2  Figs.  31a  and  313,  more  lately 
7  designed  by  Messrs.  Francq  & 
S      Mesnard  for  the  service  of  the 

Metropolitan  Railway  of  Paris, 
have  a  cylindrical  reservoir, 
having  segmental  ends,  about 
5  feet  7  inches  in  diameter, 
16^  feet  in  length,  with  a 
capacity  of  about  630  cubic 
feet  Four-fifths  of  thecapacity 
is  occupied  by  water,  which  is 
heated  by  the  aid  of  a  powerful 
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jet  of  steam  supplied  from  stationary  boilers.  The  water  is  heated 
up  until  equilibrium  of  pressure  is  established  between  the  boiler  and 
the  reservoir.  The  temperature  is  raised  to  about  390*^  Fahr.,  corre- 
sponding to  15  atmospheres  total  pressure,  or  225  lbs.  per  square 
inch.  The  steam  from  the  reservoir  is  passed  through  a  reducing 
valve  by  which  the  steam  is  reduced  to  the  required  working  pres- 
sure. It  is  then  passed  through  a  tubular  super-heater  situated  within 
the  receiver  at  the  upper  part,  and  thence  through  the  ordinary  regu- 
lator to  the  cylinders.  The  exhaust-steam  is  expanded  to  a  low 
pressure  in  order  to  obviate  noise  of  escape.  In  certain  cases  the 
exhaust  steam  is  condensed  in  closed  vessels,  which  are  only  in 
part  filled  with  water.  In  the  upper  free  space  a  pipe  is  placed 
into  which  the  steam  is  exhausted.  Within  this  pipe  another  pipe 
is  fixed,  perforated,  from  which  cold  water  is  projected  into  the 
surrounding  steam,  so  as  to  effect  the  condensation  as  completely 
as  may  be.  The  heated  water  falls  on  an  inclined  plane,  and  flows 
off  without  mixing  with  the  cold  water.  The  condensing  water  is 
circulated  by  means  of  a  centrifugal  pump,  driven  by  a  small  three- 
cylinder  engine. 

In  working  off  the  steam  from  a  pressure  of  1 5  atmospheres  to 
4 J  atmospheres,  530  cubic  feet  of  water  at  390°  Fahr.  is  sufficient 
for  the  traction  of  the  trains,  for  working  the  circulating  pump 
for  the  condensers,  for  the  breaks,  and  for  electric  lighting  of  the 
train.  At  the  stations  the  locomotive  takes  from  2,200  to  3,300 
pounds  of  steam,  nearly  the  same  as  the  weight  of  steam  consumed 
during  the  run  between  two  consecutive  charging  stations.  There 
is  210  cubic  feet  of  condensing  water.  Taking  the  initial  tempera- 
ture at  60°  Fahr.,  the  temperature  rises  to  about  180°  Fahr.  after 
the  longest  runs  underground. 

The  locomotive  has  ten  wheels,  on  a  base  24  feet  long ;  of  which 
six  are  coupled,  4^  feet  in  diameter.  The  extreme  wheels  are  on 
radial  axles.  The  cylinders  are  23^  inches  in  diameter,  with  a 
stroke  of  23^  inches. 

The  engine  weighs,  in  working  order,  53  tons,  of  which  36  tons 
are  on  the  coupled  wheels.  The  speed  varies  fi:om  15  miles  to 
25  miles  per  hour.     The  trains  weigh  about  140  tons. 

L  L 


CHAPTER  V. 

COMPRESSED-AIR  LOCOMOTIVES  AND  CARS, 

Compressed-air  engines  necessarily  derive  their  power  at  second- 
hand ;  and  they  therefore  work  at  a  disadvantage,  in  point  of  effi- 
ciency, compared  with  steam-locomotives,  in  which  the  force  is 
generated  and  expended  simultaneously.  A  supply  of  air,  pre\'i- 
ously  compressed,  is  taken  in  by  the  propelling  engine,  and  it  is 
gradually  dispensed  to  the  working  cylinders,  where  it  works  by 
expansion,  and  from  which  the  force  is  transmitted  to  the  driving- 
wheels  by  mechanism  similar  to  that  of  a  steam-locomotive.  If 
the  reverse  actions — of  compressing  the  air,  and  working  it  by 
expansion — could  be  made  to  take  place  between  the  same  tempera- 
tures, pressures,  and  volumes,  the  work  by  expansion  would  be 
an  exact  duplicate,  in  reverse,  of  the  work  expended  for  compres- 
sion ;  and  the  efficiency  of  the  combined  compressor  and  motor 
would  be  equal  to  loo  per  cent.,  irrespective  of  losses  by  friction 
and  clearance.  But,  under  practical  conditions,  the  initial  tem- 
perature for  expansion  is  not  more  than  that  of  the  surrounding 
atmosphere ;  and  in  working,  by  expansion,  back  to  atmospheric 
pressure,  even  between  the  same  extremes  of  pressure,  the  volumes 
are  smaller,  since  the  temperatures  are  lower.  The  efficiency  must, 
therefore,  be  less  than  loo  per  cent 

When  air  is  compressed  mechanically,  the  temperature  is  raised ; 
and,  if  none  of  the  heat  so  generated  be  permitted  to  escape,  the 
air  would  be  "  adiabatically '*  compressed.  If  air  be  subjected  to 
compression,  so  that  the  pressure  be  doubled,  trebled,  &c.,  or  so 
that,  taking  the  initial  pressure,  at  62^,  as  i — 
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the  relative  pressures  are  as     2,       3,       4,       5,       10  ; 

the  final  temperatures  are     178°,  258%  321°,  373°,  559°. 

It  may  be  noted  here  that,  taking  the  initial  temperature,  62°,  as 

I,  the  final  temperatures  are,  very  roughly,  as      3,    4,    5,    6,    9. 

In  practice,  as  was  said,  the  air  cannot  be  employed  at  these 
high  temperatures.     It  is,  in  fact,  cooled  down  by  radiation  and 
conduction,  to  the  temperature  of  the  surrounding  atmosphere, 
before  it  is  applied  to  do  work.    The  loss  of  efficiency  by  the 
intermediate  fall  of  the  temperature  of  the  compressed  air  from  the 
absolute  temperature  t",  due  to  the  compression,  to  the  absolute 
atmospheric  temperature  t,  is  simply  the  proportion  which  this  fall 
(t"  —  t),  bears  to  the  higher  temperature  t''.    It  is  so,  because  the 
volume  is  as  the  absolute  temperature  t",  and  the  loss  of  tempera- 
ture (t" — t),  indicates  the  loss  of  volume  by  contraction,  under 
the  same  pressure.     For  instance,  in  compressing  dry  air  at  62°  to 
two  atmospheres  of  pressure,  in  a  non-conducting  vessel,   the 
temperature  is  raised  to  178°,  and  the  fall,  in  reverting  to  62°,  is 
(178  —  62  =)  1 16°.     The  loss  of  efficiency  due  to  this  decline  of 
temperature,  is  the  proportion  of  116^  to  (461^  +  178°  =)  639°, 
the  maximum  absolute  temperature,*  thus : — 

(461  +  178  =  )  639° 

(461  +    62  =  )  523° 

Difference,  or  loss,  116°  =  18  per  cent,  of  the  maximum  absolute 

temperature. 
Leaving  523^  =  82  do.  do.  do. 

The  reduced  efficiency  here  is  82  per  cent.  Take  other 
examples : — 

For  ratios  of  pressure,  or  atmospheres, 

2,  3)  4,  Sj  10, 

•  Absolute  temperature  is  an  expression  signifying  the  measure  of 
total  heat  in  a  body,  as  from  the  bottom  of  the  scale  of  temperature. 
The  zero  of  the  scale  of  absolute  temperature,  or  the  point  of  no- 
heat,  is  461  degrees  below  the  zero  point  of  the  Fahrenheit  scale  ; 
and  to  find  the  absolute  temperature  for  any  temperature  indicated 
by  the  thermometer,  461°  are  added  to  the  indicated  temperature. 
For  instance,  the  absolute  temperature  for  62°  F.  is  (461  -f-  62  =»)  523^ 
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the  final  temperatures  for  compression  are 

173°,     258°,    321°,     373°,      559' F.; 
and  the  losses  of  temperature,  by  the  fall  of  the   temperature  to 
62°,  the  initial  temperature  for  expansion,  are 

116°,     196°,     259°,      311°,     497°; 
whilst  the  reduced  efficiency  is 

82,        73,        67,         63,         51  percent; 
and  the  loss  of  efficiency  is 

iS,       27,        33,         37,         49  per  cent. 
Thus,  it  is  obvious  that  the  lower  the  degree  of   compression 
applied  to  the  air,  the  less  is  the  rise  of  temperature,  the  less  is 
the  loss  of  heat  by  dissipation,  and  the  greater  is  the  efficiency  of 
the  machine. 

As  air  under  adiabatic  compression  may  rise  to  temperatures 
which  are  impracticable,  so  air  under  adiabatic  expansion — that 
is,  expanded  behind  a  piston,  in  a  non-conducting  cylinder — may 
fall  to  temperatures  which  are  impracticable. 

Thus,  when  the  initial  temperature  is  62^,  for  ratios  of  adiabatic 
expansion, 

2,  3»  4,  5>  10, 

the  final  temperatures  are, 

—  33^       —81",      —111%     —133%         —193°. 
It  is  clearly  as  impracticable  to  work  a  compressed-air  engine 

in  such  low  temperatures,  when  every  particle  of  moisture  and 
lubricant  would  be  frozen,  as  amongst  the  high  temperatures 
previously  noticed.  Expedients  are,  therefore,  employed  for  keeping 
the  rise  of  temperature,  during  the  compression  of  air,  within 
feasible  limits ;  and  for  limiting  likewise  the  fall  of  temperature, 
during  the  expansion  of  compressed  air.  The  former  is  effectively 
done  by  surrounding  the  compressing  pumps  with  cold  water,  and 
by  injecting  cold  water,  in  finely  divided  spray,  into  the  mass  of 
air  whilst  undergoing  compression.  Dr.  Colladon  has  probably 
done  more  for  the  improvement  and  perfecting  of  air-compressing 
machiner}'  than  any  other  operator.  In  the  air-compressing  ma- 
chinery at  the  works  of  the  St.  Gothard  Tunnel,  at  Airolo,  arranged 
by  Dr.  Colladon,  it  has  been  found  by  experiment  that,  by  the 
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means  above  indicated,  the  rise  of  temperature  of  air,  even  when 
the  air  is  condensed  under  a  pressure  of  ten  atmospheres,  was 
limited  to  from  36*^  to  54°  F.  The  pistons  had  a  stroke  of  17 '3 
inches,  and  they  made  from  120  to  180  strokes  per  minute,  giving 
speeds  of  piston  of  over  260  feet  per  minute,  A  quantity  of  cold 
-water,  equal  in  volume  to  i-i,oooth  of  the  volume  of  the  stroke, 
-was  injected  during  each  stroke. 

The  clearance  space  at  each  end  of  an  air-compressing  cylinder 
affects  very  sensibly  the  )deld,  or  rendementy  of  compressed  air,  by 
reducing  it,  to  some  extent,  below  the  total  volume  of  the  stroke, 
or  the  space  described  by  the  piston  for  one  stroke.  This  effect — 
the  reduction  of  yield — is  obviously  due  to  the  fact  that  the  com- 
pressed air  left  in  the  clearance-space,  after  the  stroke  of  the 
piston  is  completed,  expands  upon  the  piston  as  it  recedes,  and  so 
far  monopolises  the  cylinder,  to  the  exclusion  of  a  fresh  supply  of 
air,  until  its  pressure  falls,  in  due  course,  to  an  equaUty  with  that 
of  the  atmosphere.  The  reduction  of  yield,  by  this  cause,  increases 
as  the  pressure  of  compression  is  increased.  In  a  series  of  obser- 
vations made  at  Airolo,  with  the  pumps  already  mentioned,  having 
a  stroke  of  17*3  inches,  with  a  clearance-space  i-8oth  of  the 
volume  of  the  stroke,  making  64  turns  per  minute,  the  yield  in 
weight  of  air  was  only  78  per  cent,  in  compressing  air  in  the 
reservoir  by  the  pump,  from  6  atmospheres  to  7  atmospheres.  At 
higher  pressures  the  yield  became  still  less,  as  follows : — 


Compreuion. 

Yield,  ia  weight  of  air. 

From  6  to  7  atmospheres 

• 

78  per  cent 

,,     7  to  8            ,, 

• 

74 

,,     8  to  9            ,, 

• 

66        ., 

,,    9  to  10          ,, 

• 

59 

In  performing  work  with  compressed  air,  on  the  contrary, 
accompanied  by  expansion,  the  fall  of  temperature  is  to  be 
checked,  that  it  may  be  prevented  from  falling  to  or  below  the 
freezing  point  There  is  a  well-known  practical  difficulty  in  work- 
ing compressed  air  expansively.  The  extreme  fall  of  temperature 
causes  the  freezing  of  moisture  and  the  hardening  of  lubricants 
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about  the  mechanism.  For  this  reason,  the  working  of  air  expan- 
sively is  confined  to  narrow  limits  \  and  the  air  is  admitted  to  the 
cylinder  for  nearly  the  whole  of  the  sjtroke,  that  the  cooling  which 
results  from  expansion  upon  a  piston  may  be  reduced  to  a  mini- 
mum. The  most  efficacious  means  of  checking  the  fall  of  tem- 
perature, and  mitigating  the  inconveniences  of  it,  is  to  saturate  the 
compressed  air  with  moisture  or  vapour.  According  to  the  inves- 
tigations of  M.  Mallard,  the  following  are  the  ratios  of  expansion 
t>  which  dry  air,  and  air  saturated  with  vapour  or  moisture, 
respectively,  may  be  worked  before  they  fall  to  the  temperatmie 
32^  F.  :— 

Expansion  of  Air  Dry  and  Moist. 


Tempentiirei. 

'                   Ratio  of  expansion . 

1 

Final. 

Initial. 

1 

Dr>-  air. 

Air  with  sulBcient 
moisture  or  vapour. 

Fahr. 

FaJir. 

Ratio. 

Ratio. 

32° 

40^ 

1            I'OS 

no 

32° 

50^ 

I    13 

1*24 

32° 

1                                60^ 

r22 

1-38 

32° 

62^ 

1       1 23 

1-28 

1-41 

32° 

68^ 

1-50 

:i2'' 

70° 

1-30 

1-56 

1               32° 

80^ 

^'^7 

i'/5 

32° 

96^ 

\        1*47 

2-00 

^2° 

100^ 

i'57 

2-28               ' 

32° 

110° 

1*67 

263 

32° 

120^ 

1  .     176 

3-00 

32° 

130" 

1-88 

3*45 

32° 

140^ 

2-00 

1 

4-00 

As  the  steam  is  condensed  during  expansion,  the  heat  that  is 
liberated  is  absorbed  by  the  air. 

It  was  seen  that  when  the  compression  of  air  was  carried  to 
10  atmospheres,  the  efficiency  for  working  in  a  compressed-air 
engine  was  only  51  per  cent.  Add,  that  the  efficiencies  of  the 
machines  themselves — the  compressor  and  the  power  engine — are 
factors  for  the  calculation  of  their  resultant  efficiency,  and  if  the 
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efficiency  of  each  machine  be  taken  at  80  per  cent.,  the  combined 
percentage  of  the  two  machines  is  |  —     -  -=  J  64  per  cent,  or 

about  two-thirds ;  and  64  per  cent,  of  5 1  per  cent,  is  33  per 
cent.,  the  resultant  efficiency  of  the  combined  compressor  and 
engine,  working  to  10  atmospheres.  Similarly,  it  is  found  that 
the  resultant  efficiency,  working  to  2  atmospheres,  is  52  per 
cent.  The  less  the  degree  of  compression,  the  greater  is  the 
efficiency,  because  the  less  is  the  proportional  loss  from  the 
intermediate  reduction  of  temperature.  In  general  practice,  the 
resultant  efficiency  rarely  exceeds  30  per  cent.  But,  to  give 
a  character  of  precision  to  the  relations  of  the  first  power  and 
the  final  performance,  the  following  are  the  resultant  efficiencies, 
deduced  from  actual  experiment,  of  16-inch  cylinder  air-com- 
pressing engines,  and  lo-inch  cylinder  compressed-air  engines, 
cutting  off  at  3-4ths,  constructed  by  Messrs.  John  Fowler  &  Co. 
for  Sir  George  Elliot — at  work  at  Powell  Duffryn  Collieries.  The 
air-compressing  cylinders  were  immersed  each  in  a  cold-water  bath, 
open  at  the  upper  side.  The  resultant  efficiency  is  here  expressed 
by  the  ratio  of  the  brake-power  of  the  compressed-air  engine  to 
the  indicator-power  in  the  steam-cylinder  of  the  air-compressing 
engine  * : — 

Effective  pressure  of  air  in  receiver: — 40*0,  34*0,  28*5,  24, 
19  lbs.  per  square  inch. 

Indicator  horse-power  in  the  steam-cylinder: — 59*4,  46*2,  35*8, 
258,  II-8  I.H.P. 

Resultant  efficiency: — 25*8,  27-1,  28*5,  34*9,  45*8  per  cent. 


M£;karski. 
Early  in  187O,  a  tramway  car,  propelled  by  compressed  air,  was 
constructed  by  M.  M^karski,  and  tried  on  the  Courbevoie  line  of 

•  The  substance  of  this  chapter  on  the  principles  and  the  action  of 
compressed-air  motors  is  derived  from  the  author's  Manual 0/ Rules, 
Tables,  and  Data  (1877),  pages  898 — 914. 
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the  Tramway  Nord,  in  Paris.     The  car  is,  in  general  outline,  on 
the  model  of  the  cars  of  the  Compagnie  des  Tramways.   The  body 
is  I  li  feet  long,  and  accommodates  twenty  passengers  inside ;  there 
is  also  room  for  fourteen  passengers  outside,  on  a  spacious  platform 
at  the  rear.    Compressed  air,  of  25  atmospheres,  is  stored  in  eight 
cylindrical  reservoirs  of  plate- iron,  from    12    to   16  inches   in 
diameter,  placed  transversely  underneath  the  carriage,  and  con- 
nected together.     They  are  in  two  separate  series.     The  capacity 
of  the  principal  series  is  52  cubic  feet,  and  that  of  the  second,  or 
reserve  series,  is  17  cubic  feet.     An  upright  reservoir,  14  inches  in 
diameter  and  about  5  feet  in  height,  is  placed  at  the  fore  end  of 
the  car,  is  three-fourths  filled  with  water  heated  to  340°  F.,  cor- 
responding to  a  pressure  of  103  lbs.  per  square  inch  above  the 
atmosphere.     The  compressed  air,  as  drawn  off  for  consumption, 
is  passed  through  this  reservoir,  in  which  it  becomes  saturated  with 
vapour.     The  mixture  of  air  and  water  occupies  the  upper  part  of 
the  reservoir.     The  frame  of  the  car  is  of  wrought  iron,  5  feet 
10  inches  wide,  and  18  feet  8  inches  long.     The  car  runs  on  two 
pairs  of  wheels  about  28  inches  in  diameter,  and  placed  6  feet 
10  inches  apart.     One  pair  of  the  wheels  is  driven  by  a  pair  of 
cylinders,  5  or  6  inches  in  diameter,  with   about  10  inches  of 
stroke.     The  weight  of  the  car  is  4 J  tons,  and  with  a  load  of 
30  passengers  the  weight  is  7  tons. 

The  air  is  wire-drawn  to  a  pressure  of  5  atmospheres  for  work- 
ing in  the  cylinders.  M.  M^karski  calculates  that  the  fall  of 
pressure  by  wire-drawing,  from  25  atmospheres  to  5  atmospheres, 
followed  by  the  complete  expansion  on  a  piston  from  5  atmo- 
spheres down  to  atmospheric  pressure,  results  in  an  efficiency  of 
62  per  cent. — that  is  to  say,  a  loss  of  38  per  cent. ;  and  that  this 
loss  is  compensated  by  the  re-heating  of  the  air  during  expansion 
by  the  intermixed  steam.  The  expenditure  in  thus  re-heating  the 
air  is  only  a  small  proportion  of  the  total  fuel  consumed.  The 
quantity  of  heated  water  supplied  to  the  reservoir  of  the  car  is 
about  3  cubic  feet,  at  a  temperature  of  340°  F.,  and  the  car 
returns  with  about  2  J  cubic  feet  of  water  at  212°  F.,  the  difference 
representing  the  consumption  of  about  2  lbs.  of  coal,  whilst  the 
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fuel  consumed  in  charging  the  reservoirs  with  compressed  air 
amounts  to  33  lbs.  of  coal.  The  cooling  of  the  heated  water,  and 
the  diminution  of  pressure  of  thie  air  in  the  reservoir,  take  place 
simultaneously  in  the  course  of  the  journey ;  and  thus  the  ele- 
ments of  the  mixture  may  be  maintained  in  sensibly  constant  pro- 
portions. It  is  stated  that  the  quantity  of  air  consumed  does  not 
exceed  1 1  cubic  feet  per  mile-run. 

The  M^karski  car  works  well  as  a  mechanical  engine — free  from 
smoke,  steam,  noise,  and  fumes. 

M^karski's  system  of  propulsion  by  compressed  air  was  adopted 
for  working  the  Nantes  tramways,  which  consist  of  a  line  of  tram- 
way 3}  miles  in  length,  4  feet  8A  inches  in  gauge.  The  line  is  gene- 
rally level.  The  cars  carry  19  passengers  inside,  and  12  on  the  plat- 
form at  the  rear.  The  compressed-air  reservoirs  are  placed  between 
the  frame-plates,  beneath  the  body  of  the  car.  They  are  charged 
with  a  pressure  of  30  atmospheres,  or  450  lbs.  per  square  inch.  The 
pressure  is  reduced  to  from  4  to  6  atmospheres,  or  60  lbs.  to  90  lbs. 
per  square  inch,  for  admission  to  the  cylinders.  There  are  two 
stations  for  compressing  the  air-supply,  at  one  of  which,  thelarger, 
there  are  four  50  horse-power  engines,  of  which  two  are  at  work 
daily.  Each  engine  drives  two  pumps,  by  which  the  air  is 
compressed  successively  to  6  atmospheres  and  30  atmos- 
pheres, stored  in  reservoirs.  From  these,  the  cars  are  charged 
in  twenty  minutes,  the  charge  being  sufficient  for  one  trip. 
The  trip  of  3  J  miles  is  run  in  forty  minutes,  making  an  average 
speed  of  5  J  miles  per  hour.  The  total  time  per  trip  is  one  hour. 
The  total  cost  for  wages  and  material  for  repair  of  the  work- 
ing plant,  was,  for  the  first  year  of  the  tramway,  i'37d.  per 
mile  run.  Of  course,  the  expenses  for  repair  are  greater  as  the 
plant  becomes  worn  out;  and  the  expenses  may,  it  has  been 
estimated,  by-and-by  amount  to  7  Jd.  or  8d.  per  mile  run. 

The  weight  of  the  car,  in  working  order,  is  6  tons ;  and,  allow- 
ing 3  tons  for  passengers  and  attendants,  the  gross  amount  moved 
is  9  tons.  The  cylinders,  two  in  number,  are  5f  inches  in  dia- 
meter, with  a  stroke  of  10  J  inches.  According  to  Sir  Frederic 
Bramwell,  who  reported  on  the  system  at  Nantes,  4J  tons  of  coal 
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are  consumed  by  the  compressing  engines  per  day,  in  winter,  when 
86  double  trips  are  made  per  day,  or  {Z6  x  2  x  3  J  =  )  645  miles 
run ;  with  a  consumption  of  15*64  lbs.  of  coal  per  mile-run,  or 
1*74  lb.  per  ton-gross  moved  per  mile-run. 

Two  Mdkarski  locomotives  were  placed  on  the  Wantage  Tram- 
way in  July,  1880,  and  worked  the  traffic  for  three  months.  The 
engines  made,  on  ordinary  djtys,  four  double-trips,  with  one 
passenger-car  ;  and,  on  special  days,  five  double-trips,  frequently 
taking  two  loaded  cars  in  both  directions.  The  initial  pressure 
was  30  atmospheres,  and  each  engine  made  the  double-trip,  5 
miles,  with  one  charge  of  compressed  air,  the  pressure  falling  to 
about  5  atmospheres  in  the  battery  of  three  working  reservoirs,  and 
to  27  atmospheres  in  the  fourth,  or  reserve  reservoir.  The  pres- 
sure at  which  the  air  was  supplied  to  the  cylinders  seldom 
exceeded  70  lbs.  per  square  inch.  The  speed  of  travelling  on  the 
line  averaged  9  miles  per  hour ;  the  mileage  run  by  two  cars 
amounted  to,  say,  40  miles  per  day,  or,  allowing  for  special  trips, 
an  average  of  42  miles  per  day.  Mr.  G.  Stevenson,  engineer  of 
the  line,  estimated  that  24  cwt.  of  coal  was  consumed  per  day  on 
the  compressing  power — an  absurdly  excessive  consumption, 
showing,  evidently,  that  the  means  were  not  properly  proportioned 
to  the  end. . 


SCOTT-MONCRI EFF. 

Mr.  Scott-MoncriefF*s  car,  worked  by  compressed  air,  resembles 
in  appearance  an  ordinary  tramway-car.  The  reservoirs  and 
machinery  are  carried  on  a  frame  below  the  floor  of  the  car.  Id 
the  central  portion  the  engines  are  carried.  In  the  car  first  made, 
and  started  for  trial,  about  the  middle  of  1875,  ^^  ^^^  ^^^  ^^ 
Clyde  Tramway,  there  were  six  reservoirs  holding  compressed  air 
— three  at  each  end  of  the  car.  The  air  was  supplied  to  the 
reservoirs  at  a  pressure  of  350  lbs.  per  square  inch.  There  were 
two  air-cylinders,  6  inches  in  diameter,  with  a  stroke  of  14  inches. 
The  supply  of  air  was  wire-drawn  before  it  was  admitted  into  the 
cylinders,  and  cut  off  so  that  it  expanded  to,  and  was  exhausted  at 
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atmospheric  pressure.  The  total  weight  of  the  car  was  6f  tons ; 
with  40  passengers,  10^  tons.  Mr.  Scott-Moncrieff  states,  that 
during  a  trial  of  the  car,  lasting  fourteen  days,  on  the  line  between 
Govan  and  Paisley  Toll,  the  reservoirs  were  charged,  after  every 
three-miles  run,  with  compressed  air  having  a  pressure  of  310  lbs. 
per  square  inch,  which  was  worked  until  the  pressure  fell  to 
100  lbs.  or  no  lbs.  The  average  pressure  in  the  cylinders  was 
about  23j^  lbs.  per  square  inch.  Mr.  Scott-Moncrieff  states  that 
his  car  consumed  from  400  to  500  cubic  feet  of  air  as  at  atmo- 
spheric pressure  per  mile,  and  he  is  of  opinion  that  a  compressing- 
engine  of  about  150  indicator  horse-power  would  be  capable  of 
keeping  up  a  service  of  1,000  miles  per  day. 

Mr.  Scott-Moncrieff 's  engine  resumed  regular  duty  on  the  Vale 
of  Clyde  for  a  few  weeks  in  the  beginning  of  1877.  From  the 
results  of  his  experiments,  he  concluded  that  the  cost  price  of 
working — ^including  drivers*  wages,  lighting,  cleaning — was  be- 
tween 3d.  and  4d.  per  mile-run. 


Beaumont. 

A  compressed-air  car  on  Major  Beaumont*s  system  was  con- 
structed by  Messrs.  Greenwood  &  Batley.  The  initial  pressure 
in  the  reservoirs,  which  have  a  capacity  of  65  cubic  feet,  was 
1,000  lbs.  per  square  inch.  This  high  pressure  was  adopted,  for 
it  was  found  that  the  higher  the  pressure  the  greater  was  the  effi- 
ciency. This  conclusion  is  apparently  in  contradiction  to  the 
conclusions  drawn  from  other  experience,  as  well  as  from  the 
elementary  data  which  have  already  been  considered.  But  the 
explanation  lies  in  the  use  of  a  compound-engine  of  four  cylin- 
ders, in  which  the  air  is  successively  expanded  down  from  an 
initial  pressure  of  1,000  lbs.  per  square  inch,  to  the  pressure  at 
which  the  air  is  exhausted  into  the  atmosphere.  The  volumes  of 
the  cylinders  successively  are  as  i,  3,  9,  27,  having  a  common 
ratio  of  i  to  3,  and  showing  that  the  air  may  be  expanded  in  the 
engine  as  many  as  27  times.     When  the  pressure  falls  off,  the  first 
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cylinder  is  closed  to  the  air,  which  is  then  turned  on  direct  to  the 
second  cylinder ;  again,  on  further  need,  it  is  closed  to  the  second 
cylinder,  and  turned  on  direct  to  the  third,  and  ultimately  direct 
to  the  fourth.  As  Mr.  Greenwood  remarks,  the  same  power  may 
thus  be  got  out  of  the  engine  under  a  decreasing  pressure.  He 
calculated  on  a  loss  of  four-fifths  of  the  steam-power  used  for  com- 
pression ;  but  he  hopes  to  reduce  the  loss  to  two-thirds,  leaving 
one-third  of  the  work  of  the  steam  as  the  useful  work  done.  The 
horse-power  given  out  per  cubic  foot  of  air  at  i,ooo  lbs.  pressure 
is  under  5  horse-power.  The  engine  above  noticed  has  ran 
6^  miles  with  a  load  of  4  or  5  tons  ;  but  Mr.  Greenwood  considers 
that  with  a  reservoir  of  100  cubic  feet  of  capacity,  fully  charged,  a 
run  of  ten  miles  could  be  made.  The  weight  of  such  an  engine 
would  be  from  4  to  4^  tons. 

The  four  com|>ounded  cylinders  have  been  replaced  by  two  sets 
of  compound  cylinders,  two  to  each  set,  in  each  of  which  sets  the 
air  is  expanded  from  the  first  cylinder  into  the  second.  The 
temperature  of  the  expanding  air  is  maintained  to  a  greater  or  less 
degree  by  the  external  application  of  heat  in  a  steam-jacket.  An 
engine  of  this  construction  was,  in  1881,  at  work  on  trial  on  the 
Leytonstone  extension  of  the  North  Metropolitan  Tramway. 


Hughes  and  Lancaster. 


From  the  results  of  trials  made  by  the  author  with  one  ot 
Messrs.  Hughes  &  Lancaster's  low-pressure  compressed-air 
tram-cars,  propelled  by  means  of  four  single-acting  5 -inch 
cylinders,  of  3  inches  stroke,  it  appears  that  the  consumption 
of  compressed  air  was  at  the  rate  of  30 J  pounds  per  mile-run  for  a 
level.  The  car,  with  passengers,  weighed  4J  tons  ;  and  the  work 
done  was  at  the  rate  of  22,070  foot-pounds  per  pound  of  air. 
The  maximum  working  pressure  of  compressed  air  was  132  pounds 
per  square  inch. 


CHAPTER  VI. 
CABLE  TRACTION. 

The  working  of  tramways  by  cable  haulage  is  effected  by  the 
employment  of  an  endless  wire  rope  continuously  moving  in  one 
direction,  supported  on  pulleys  within  a  slotted  tube  laid  below  the 
surface  of  the  street  or  roadway,  or  between  the  rails  of  a  surface 
or  an  elevated  railway.  The  rope  is  driven  by  means  of  a  fixed 
or  stationary  steam-engine  or  other  motor,  situated  at  a  suitable 
place  near  the  line,  the  motion  of  the  cable  being  intermittently 
communicated  to  the  cars,  for  starting  and  stopping,  by  means  of 
a  gripper  attached  to  the  car. 

The  principle  of  cable  traction  has  been  successfully  applied  on 
railways  and  in  mines  for  many  years.  The  first  practical  test 
for  cable  traction  was  made  in  San  Francisco,  in  1873,  by  Andrew 
S.  Halliday  and  his  associates,  A.  £.  Hovay,  W.  Eppelscheimer, 
and  Henry  Root.  For  heavy  street  traffic  the  cable  is  extensively 
employed. 

The  slotted  tube  is  of  concrete.  It  is  virtually  an  arch  of  which 
the  key  is  left  out.  It  is  constructed  with  yokes  or  frames  of 
angle-iron  or  cast-iron.  The  latter  material  is  preferred.  The 
sides  act  as  cantilevers  to  resist  the  lateral  pressure  of  the  soil, 
packed  by  heavy  waggon  traffic,  and,  in  cold  climates,  the  pressure 
in  addition  due  to  the  expansion  of  the  soil  by  freezing.  The 
first  tube  was  12  inches  wide,  15  inches  deep,  or  22  inches  below 
the  level  of  the  street.  The  slot  is  usually  \  inch  wide,  and  it  is 
formed  by  two  slot  rails  which  are  fastened  to  the  yokes  at  the 
upper  side.    The  slot  rails,  of  overhung  formation,  are  brought  up 
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to  the  surface  level  and  require  to  have  great  vertical  and  lateral 
strength,  whereby  they  are  nearly  as  heavy  as  the  way-rails. 

The  gripper  is  a  powerful  vice  within  the  tube,  supported 
by  or  suspended  from  the  car  by  means  of  a  thin  shank  through 
the  slot.  It  is  worked  from  the  platform  by  a  lever  or  a  hand- 
wheel  through  the  medium  of  an  excentric  toggle-joint  or  an 
equivalent  device,  and  is  caused  to  grip  the  rope  with  a  pressure 
sufficient  to  impart  the  motion  of  the  rope  to  the  car.  The  rope 
is  grasped  between  two  Hat  plates  or  jaws,  upper  and  lower, 
usually  of  steel,  and  from  i8  inches  to  20  inches  long,  lined  with 
removable  dies  for  wear,  slightly  grooved  to  fit  the  rope.  Grips 
are  of  two  types — vice-grips  and  roller-grips.  The  former  com- 
prise the  side  grip,  the  top  grip,  the  bottom  grip.  Side  grips  are 
usually  constructed  with  a  pair  of  jaws  at  each  side  of  the  shank. 
They  take  the  rope  on  either  side  without  turning  the  cars. 

The  cable  is  a  steel  wire-rope,  commonly  of  6  strands  twisted 
round  a  heart  of  hemp  rope,  each  strand  of  19  wires,  of  which 
7  wires  form  the  heart  of  the  strand,  round  which  the  other  1 2  wires 
are  wrapped.  Sometimes  the  12  enveloping  wires  are  larger  than 
the  7  heart  wires  to  provide  allowance  for  wear.  Ropes  are  also 
made  with  6  strands  of  16  wires  each,  or  7  strands  of  19  wires, 
usually  laid  12  over  6  over  i.  On  straight  lines  19  wires  do  good 
service.  Ropes  are  also  made  with  a  wire  centre.  Though 
stronger  than  others  they  are  not  so  flexible. 

Cables  are  from  i  inch  to  i^  inches  in  diameter.  The  usual  sizes 
are  \\  inches  and  \\  inches.  The  ij-inch  ropes  weigh  2  J  lbs.  per 
foot,  and  their  breaking  weight  is  about  80  tons.  The  average 
life  of  common  ropes  is  12^  months,  or  88,402  miles,  making 
about  85,000  miles  per  year.  The  general  average  life  for  all  lines 
and  ropes  is  about  8  months,  or  from  40,000  to  150,000  miles. 
According  to  the  system  of  wire  rope  known  as  the  Lang  lay  the 
wires  forming  the  strands,  and  those  of  the  strands  themselves, 
are  laid  in  the  same  direction  instead  of  in  opposite  directions 
Thus,  a  larger  portion  of  each  outside  wire  is  exposed  for  wear, 
the  rope  is  of  greater  flexibility,  and  a  maximum  degree  of  wear 
is  attained  without  fracturing  of  the  wires. 


CABLE   TRACTION  IN  SAN  FRANCISCO.  527 

The  driving  machinery  operates  on  the  rope  by  frictional  contact 
with  two  large  V-grooved  pulleys  in  tandem,  usually  lined  with  wood 
or  with  babbit  metal.  The  rope  makes  two  wraps  over  the  pulleys, 
like  the  letter  S,  known  as  the  front  driver  and  the  back  driver. 
The  pulley  shafts  are  geared  together  by  two  spur-wheels,  one  ot 
which  is  driven  by  a  toothed  wheel  on  the  engine  shaft.  Frictional 
contact  is  maintained  by  tension  apparatus,  in  which  a  large 
sheave  is  mounted  on  a  car  which  travels  to  and  fro  on  a  track 
laid  over  a  long,  narrow  pit.  A  tail  rope  or  a  chain  is  connected 
to  the  car,  and  is  led  over  a  pulley,  suspended  within  a  deep 
well,  and  loaded  with  a  heavy  weight,  which,  taking  up  the  slack, 
maintains  tension  on  the  cable.  The  length  of  the  track  is  from 
150  feet  to  200  feet  for  long  lines.  The  length  of  the  tail  rope  is 
adjustable  by  means  of  hand-wheel  and  worm-gear  on  the  car. 

The  steam-power  is  from  200  to  1,500  horse-power  in  duplicate, 
averaging  25  actual  horse-power  per  car,  including  reserve.  In 
Melbourne,  Australia,  the  aggregate  length  of  cable  is  91  miles. 
There  is  15  horse-power  per  car  of  the  average  number  of  cars 
running.  On  American  lines  there  is  an  average  of  4'6  horse- 
power to  move  1,000  feet  of  cable.  The  power  required  to  move 
the  cable  alone  is  from  35  per  cent,  to  75  per  cent.  The  average 
of  twelve  roads  is  54  per  cent.  The  approximate  "  steam  horse- 
power" to  work  a  line  employing  less  than  10  miles  of  rope  may 
be  estimated  as  follows : — Allow  4  horse-power  to  each  1,000  feet 
of  rope,  reckoning  each  right-angle  curve  equivalent  to  1,500  feet 
of  straight  way.  Add  3  horse-power  for  each  car  of  ordinary  size, 
and  60  horse-power  for  engines  and  machinery. 


Cable  Tramways  in  San  Francisco  and  Chicago. 

Several  tramways  are  in  operation  in  San  Francisco.  Of  these, 
the  Clay  Street  Tramway  has  a  double  way,  about  5,500  feet,  or 
1-04  miles  in  length,  of  3^  feet  gauge.  It  rises  to  a  height  of 
307  feet  above  the  starting-point,  in  the  course  of  2,475  ^^^^>  making 
an  average  gradient  of  i  in  8,  the  steepest  gradient  being  i  in  6. 
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On  the  other  tramways  of  San  Francisco  there  are  gradients  of 

I  in  5,  on  which  cars  are  drawn  upwards  and  downwards  with 
ease  and  security.  A  car  with  its  coupled  dummy  in  front,  when 
fully  loaded,  hold  together  44  passengers. 

The  disposition  of  the  dummy  car,  tube,  and  gripping  apparatus 
is  shown  in  Figs.  314  and  315.  Below  the  surface,  and  about  the 
middle  of  each  way,  there  is  a  channel,  or  technically  a  tube, 
within  which  the  endless  rope  travels  on  pulleys.  The  tube  also 
affords  protection  for  the  gripper  a,  connected  to  the  dummy  on 
the  way  by  means  of  a  flat  bar  of  iron  which  passes  up  through 
the  longitudinal  slot  in  the  upper  part  of  the  tube.  The  throwing  of 
the  gripper  into  action,  by  grasping  the  rope,  induces  the  necessary 
motion  of  the  car,  which,  of  course,  travels  at  the  same  velocity 
as  the  rope.  The  slot  is  not  immediately  over  the  centre  of 
the  tube,  but  on  one  side,  in  order  that  grit  or  other  droppings 
falling  through  the  slot  does  not  lodge  on  the  rope,  but  falls  to 
the  bottom  of  the  tube.  By  this  means,  also,  the  gripper  passes 
by  and  under  the  upper  pulleys,  c.  Fig.  315,  and  over  the  lower 
pulleys,  D,  Fig.  314  in  the  tube. 

The  rope,  endless,  travels  down  one  way  and  up  the  other.  At 
the  summit  the  rope  is  turned  on  to  one  series  of  8-feet  pulleys, 
and  led  into  the  engine-house.  Thence  it  passes  out  by  another 
series  of  8-feet  driving  pulleys,  the  rope  making  a  right-angle  turn 
to  the  left  and  right  afler  leaving  the  house.  At  each  terminus  of 
the  road  the  rope  passes  half  round  an  8-feet  horizontal  sheave, 
fixed  to  a  tension-carriage  moveable  horizontally,  for  the  purpose 
of  maintaining  uniform  tension  on  the  cable.  The  pulleys  d, 
Fig.  314,  by  which  the  rope  is  supported  in  the  tube,  are  from 

II  inches  to  12  inches  in  diameter,  secured  to  cast-iron  standards 
placed  30  feet  apart,  with  man-holes  and  doors  for  access.  The 
sheaves  on  the  Chicago  road  are  formed  in  halves  bolted  together, 
with  wood  between,  the  dividing  plane  being  at  right-angles  to  the 
axle  of  the  pulley.  The  wood  thus  forms  the  bottom  of  the 
groove,  and  is  exposed  to  the  wear.  It  is  renewed  every  two 
months.  The  slot-rails  are  supported  by  intermediate  cast-iron 
standards,  placed  at  from  3  feet  to  4  feet  apart,  and  they  are 
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fixed  at  a  distance  of  f  inch  apart,  transversely,  forming  the  slot. 
Sheet-iron  tubing,  e,  Fig.  314,  about  10  inches  wide,  reaching 
upwards  to  within  15  inches  of  the  surface  of  the  street,  is  bolted 
to  the  cast-iron  standards.  The  tubing  is  packed  outside  with 
earth,  and,  to  prevent  the  earth  from  getting  into  the  tubing,  a 
3-inch  plank,  f,  Fig.  314,  is  placed  on  edge  on  the  standards,  the 
upper  edge  being  at  the  level  of  the  underside  of  the  slot-raiL 
The  running  rails  are  laid  on  longitudinal  wood  sleepers,  about 
3  J  inches  wide,  5^^  inches  deep,  and  these  are  let  into  and  supported 
by  short  cross  sleepers,  the  inner  ends  of  which  have  a  bearing 
on  the  standards,  and  are  bolted  to  them. 

According  to  another  system  of  construction  in  San  Francisco 
the  standards  are  formed  from  ordinary  railway-bars,  bent  as 
required,  braced  and  arranged  to  carry  both  the  slot-rails  and  the 
running  rails.  A  culvert,  or  "  tube,"  of  Portland-cement  concrete 
is  constructed  in  place  of  sheet- iron  tubing. 

Where  a  steep  rise  occurs  in  the  road,  the  wire  rope  is  kept  down 
by  small  pulleys,  as  shown  in  Fig.  315,  from  6  inches  to  8  inches 
in  diameter,  mounted  in  a  frame.  Where  the  rope  leaves  a  summit 
and  descends,  it  is  passed  over  a  pulley  of  about  4  feet  in  diameter. 

The  cable  is  about  11,000  feet  in  length,  i  inch  in  diameter, 
of  crucible  steel  wire,  of  6  strands  of  19  wires.  Each  wire 
has  a  tensile  strength  of  160,000  pounds,  or  71  tons,  per  square 
inch.  It  can  be  bent  in  any  direction  without  fracture.  The  wire 
rope  is  found  to  stretch  i  per  cent,  of  its  length  before  being  too 
much  weakened  for  use.  The  average  life  of  the  rope  is  about 
fifteen  months.  On  some  tramways  the  length  of  rope  is 
17,000  feet.  A  tensional-pulley  system  is  provided  in  the  engine- 
house,  about  50  feet  in  length. 

The  shank  b  of  the  gripper  a.  Fig.  314,  is,  as  before  noted,  a  flat 
bar  of  iron  5^  inches  wide,  f  inch  thick,  which  works  through  the 
longitudinal  slot,  and  to  the  lower  end  of  which  the  gripper 
attachment  is  made.  This  consists  of  two  pairs  of  3Hr)<^h  pulleys, 
placed  obliquely,  the  pulleys  of  each  pair  being  10  inches  apart 
and  secured  to  sliding  frames,  mounted  with  jaws  for  the  purpose 
of  taking  a  firm  hold  of  the  rope.   The  small  sheaves  act  as  guides 
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Fig.  314. 


Cable  Ti  am  ways,  San  Francisco  :  Transverse  Section  of  Way, 
Tube,  and  Gripper. 


CABLE   TRACTION  f.V  SAJV  FRANCISCO. 
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for  the  rope  to  pass  between  the  jaws,  and  they  are  gradually 
tightened  on  the  rope  by  the  screw  g.  The  dummy,  through  the 
medium  of  the  shank  and  pulleys,  gradually  acquires  the  velocity 
of  the  rope  until  the  gripping  jaws  are  brought  into  action,  and 
firmly  acquires  a  hold  of  it  by  means  of  the  screw  c. 

The  speed  of  the  cable  is  6  miles  per  hour,  running  for  i6  hours  a 
day.  It  is  driven  by  two  horizontal  steam-engines,  each  of  loo-horse 
power,  of  which  one  is  kept  in  reserve ;  and  about  3,900  pounds 
of  small  coal  is  consumed  per  day.  The  total  cost  of  the  engines 
and  machinery  was  about  ^3,000.  A  double  way  of  the  tramway, 
having  a  tube  30  inches  deep,  costs,  on  an  average,  j^  10,000  per 
mile,  not  including  rolling  stock.  For  a  tube  1 2  inches  deep  the 
cost  would  probably  be  ;^8,ooo.  It  is  believed  that  a  gauge  of 
3i  feet  is  as  efifective  as  the  5-feet  gauge,  and  is  frequently  more 
convenient.  The  dummy  carries  18  passengers,  the  car  26 ; 
together,  44.     Each  vehicle  is  provided  with  a  powerful  break. 

Many  of  the  cable  roads  have  right-angle  curves,  for  which  the 
rope  is  deflected  by  means  of  two  horizontal  8*feet  pulleys,  with 
other  auxiliary  pulleys. 


HlGHGAT£-HILL   CaBLE   TraMWAV,    LoXDON. 

The  Highgate-hill  cable  tramway  was  the  first  cable  line  con- 
structed in  this  country.  The  works  were  carried  out  by  the 
Patent  Cable  Tramways  Corporation,  under  the  supervision  of 
Messrs.  Eppelsheimer  and  Colam  ;  and  the  line  was  opened  in 
May,  1884.  It  is  nearly  \  mile  in  length,  of  double  way,  con- 
structed to  a  gauge  of  3 J  feet,  between  the  Archway  Tavern, 
Upper  Holloway,  and  Southwood  Lane,  near  the  summit  of  High- 
gate-hill. 

The  gradients  vary  from  i  in  11  to  i  in  15,  and  the  curves  from 
250  feet  to  3,000  feet  in  radms.  The  way  was  laid  with  steel 
rails  of  the  Dugdale  type,  weighing  52  pounds  per  yard.  The  cable 
consists  of  crucible  steel  wire,  in  strands  closed  round  a  hemp  core. 
It  is  3  inches  in  circumference,  or  \\  inch  thick,  and  it  weighs 
about  5  tons  complete.     It  passes  round  two  8-feet  pulleys  at  the 


EDINBURGH  NORTHERN  CABLE   TRAMWAYS,       533 

termini,  in  brick  pits.  The  endless  rope  is  carried  on  pulleys 
beneath  the  track,  in  a  "tube"  of  concrete,  loi  inches  deep, 
8i  inches  wide.  It  is  driven  by  two  independent  horizontal  steam 
engines,  each  of  25  nominal  horse-power,  aflfording  service  in  du- 
plicate. The  speed  of  the  rope  is  from  5  miles  to  6  miles  per  hour.* 


Edinburgh  Northern  Cable  Tramways. 

Mr.  W.  N.  Colam,  the  engineer  of  the  Edinburgh  Northern 
Cable  Tramways,  describes  the  two  routes  of  which  the  tramways 
are  composed — the  Trinity  route  and  the   Stockbridge  route.  + 


Rimct  . 
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Fig.  316. 


Edinburgh  Northern  Cable  Tramways :  Gradient 
Diagram,  Trinity  route. 


The  gauge  of  the  ways  is  4  feet  8^  inches.  The  two  lines  start 
from  Princes  Street,  one  in  Hanover  Street,  the  other  in  Frederick 
Street.  The  first  named,  or  Trinity  route,  passes  Henderson 
Row,  where  the  cables  branch  off  to  the  engine-house.  It  takes 
18  curves,  varying  in  radius  from  80  feet  to  980  feet,  the  smallest 
curve  being  less  than  a  right  angle.  It  is  also  diverted  at  various 
places  by  nine  large  pulleys.  The  total  height  ascended  is 
187  feet.  The  double  way  is  i  J  miles  long.  It  is  almost  entirely 
on  gradients,  varying  from  i  in  1 1  to,  for  the  greater  part,  i  in  60 
approximately.     Fig.  316  is  a  gradient  diagram  of  the  line. 

The  gradient  diagram,  Fig.  31 7, is  that  of  the  Stockbridge  route, 
on  which  the  steepest  gradient  is  i  in  13.     The  length  of  way, 

*  Since  the  above  paragraphs  were  written,  the  line  has  stopped 
working. 

t  In  a  paper  read  before  the  Association  of  Municipal  and  Sanitary 
Engineers  of  Great  Britain. 
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double  line,  is  i  *2o  mile.  After  passing  over  loo  feet  curves  into 
the  Royal  Circus,  the  line  is  almost  entirely  a  series  of  curves, 
passing  through  steep  and  very  narrow  roads.  At  Stockbridge, 
where  the  cable  leaves  for  and  returns  from  the  engine-house,  the 
line,  though  curvy,  is  nearly  level.  The  cable  traverses  28  curves 
of  radii  varying  from  80  feet  to  400  feet.  It  is  diverted  by  means 
of  nine  large  pulleys.  The  line  rises  173  feet.  The  tramways 
were  opened  in  January,  1888. 

The  road  is  shown  in  section  by  Figs.  318  and  319,  having  two 
lines  of  way.  The  conduit  or  "  tube"  is  of  concrete ;  it  is  19  inches 
deep  from  the  surface  and  9^^  inches  wide.  Cast-iron  tube-frames 
are  embedded  in  the  concrete,  at  3J  feet  apart  between  centres, 
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Fig.  317. — Edinburgh  Northern  Cable  Tramways 
Gradient  Diagram,  Stockbridge  route. 


to  which  the  slot-rails  are  bolted,  forming  a  slot  i  inch  wide.  The 
frames  are  i  inch  thick  in  the  webs,  and  they  weigh  135  lbs. 
each.  They  are  lined  up  in  place  before  the  concrete  is  poured 
in.  Thus  a  solid  mass  is  constructed,  by  which  subsidence  or 
closing,  of  the  slot,  is  prevented.  The  extreme  depth  occupied  by 
the  tube  is  26  inches  below  the  surface.  The  bottom  of  the  tube 
is  7  inches  thick,  the  sides  6  inches,  and  the  concrete  floor  of  the 
way,  5  inches.  A  6-inch  clay  pipe  is  laid  under  the  bottom  of  the 
tube,  by  which  it  is  drained  from  recesses  in  the  concrete  in  which 
the  supporting  pulleys  are  mounted  at  50  feet  apart  between 
centres.  On  two  of  the  worst  curves,  there  are  convenient  subways 
between  the  two  lines  of  way,  from  which  pulleys  may  be  renewed 
or  adjusted. 

The  running  rails  are  of  girder  type,  6   inches  deep,  of  steel, 
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weighing  75  lbs.  per  yard.  The  slot-rails  are  fished  with  plates 
weighing  34  lbs.  each.  They  are  tied  to  the  running  rails  by 
adjustable  bars  to  keep  these  accurately  in  gauge  with  the  slot. 
The  supporting  pulleys,  Fig.  320,  are  of  cast  iron,  14  inches  in 
diameter,  V-shaped  in  the  tread.  The  journals  revolve  in  boxed 
lignum-vitae  bearings.  The  horizontal  supporting  puUejrs  for 
curves,  Fig.  321,  are  14  inches  in  diameter.  The  large  diverting 
pulleys  are  of  cast  iron ;  the  jaws  are  bolted  on  in  segments,  with 
good  treads.  The  terminal  pits.  Figs.  322  and  323,  holding  the 
diverting  pulleys,  are,  one  of  brick,  the  other  of  concrete.  They 
are  19  feet  long,  11  feet  broad,  8  feet  deep.  The  roofing  is  con- 
structed of  rolled  joints,  jack  arches,  and  buckled  plates. 


Fig.  321.'   Edinburgh  Northern  Cable  Tramways 

Pulley,  on  curves. 


Horizontal  Supporting 


The  cables  are  those  known  as  the  Lang  lay.  This  rope  gives 
a  maximum  quantity  of  wear  without  fracture  of  wires,  as  it  admits 
of  the  use  of  comparatively  larger  wires,  and  is,  at  least,  as  flexible 
as  the  older  system.  The  rope  is  of  crucible  or  steel  wire  laid 
round  a  hempen  core,  in  6  strands,  each  of  13  wires — 7  round  6. 
The  wires  have  stood  a  tensile  stress  of  80  tons  per  square  inch, 
and  torsional  tests  of  35  twists  in  8  inches  of  length.  The  lay 
of  the  rope  is  9  inches,  the  circumference  is  3$  inches,  and  the 
diameter  is  1*03  inches. 

The  gripper,  with  details,  is  shown  in  Fig.  324.  "  The  driver, 
in  operating  the  hand-wheel,  raises  or  lowers  a  nut  by  the  square- 
thread  spindle.     Attached  to  the  nut  are  two  rods  which  raise 
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or  lower  the.  bottom  jaw  of  the  gripper,  the  upper  portions  oi 
which  slide  through  openings  in  the  plate,  which  has  the  upper 
jaw  casting  bolted  to  it.     This  plate  rests  on  angles  suspended 
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from  the  bogie  axles  of  the  cars,  and  is  firmly  held  down  in  its 
place  by  wedges  which  are  forced  in  or  out  by  the  driver  through 
screw  spindles  and  inclined  slots.     When  the  wedges  are  with- 
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drawn  the  whole  gripper  will  rise  by  the  action  of  the  hand-wheel. 
The  bottom  jaw  can  be  lowered  out  6  inches,  and  by  that  means 
the  cable  can  be  picked  up,  because  when  the  rounded  bottom  of 
the  jaw  touches  it,  the  cable  ascends  into  its  place  in  the  gripper. 


The  dies  by  which  the  cable  is  gripped,  are  of  the  softest 
cast-iron,  and  they  last  on  an  average  about  six  weeks.  The 
sectional  area  of  the  steel  shanks  where  they  work  in  the  slot  is 
4*92  square  inches." 
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The  cable  is  driven  by  a  pair  of  horizontal  non-condensing 
steam-engines,  having  20-inch  cylinders,  with  a  stroke  of  40  inches. 
The  Proell  automatic  expansion  gear  is  employed.  Either  engine 
is  capable  of  working  the  two  routes,  and  one  of  the  routes  can  be 
thrown  off  without  interfering  with  the  other.  The  driving  pulley 
is  loi  feet  in  diameter,  having  a  V-groove,  The  jaw  of  the  pulley 
is  removable  in  segments,  and  is  lined  with  white  metal,  which  is 
renewed  when  the  groove  wears  to  the  bottom.  The  bottom  of 
the  V  is  filled  with  soft  wood  upon  which  the  cable  bottoms. 
The  cable,  on  entering  the  engine-house,  goes  direct  to  the 
driving-pulley,  on  which  it  makes  a  three-quarter  turn,  and  thence 
passes  over  a  lo-feet  pulley  to  the  automatic  tension-pulley, 
around  which  it  takes  a  half-turn  when  it  leaves  the  engine-house. 
The  effective  tensional  weight  is  7  cwt. 

Mr.  Colam  summarises  the  working  conditions  as  follows : — On 
gradients  as  steep  as  i  in  11;  over  perfectly  flat  roads ;  round 
small  right-angled  curves ;  over  old  bridges,  in  which  the  crowns 
are  not  twelve  inches  from  the  road  surfaces ;  two  routes  at  con- 
siderable distances  apart,  worked  from  one  engine  in  the  same 
dep6t ;  single  lines  with  passing  places;  reduced  speeds  by  auxi- 
liary cables,  when  it  is  necessary  to  go  round  dangerous  corners. 

The  cost  of  constructing  and  equipping  these  lines  for  a  three- 
minutes  service  of  cars  has  been  as  follows  : 

^       s.    d. 

Track  with  tube,  pulleys,  &c.,  complete          .  '^^^y'yn  o  o 

Machinery  buildings,  offices,  chimney  shaft,  &c.  4,786  o  o 

Engines, boilers,  machinery  at  depdt  and  in  pits  5 , 1 03  o  o 

Cars  and  gripping  machinery ....  4,704  o  o 

Auxiliary  cable  gear 850  0  o 

Cables 1,260  o  o 

Payments  made  to  City  for  paving  up  to  side 
walks,  and  to  gas  and  water  companies, 

and  extras 7»i50  o  o 

^57,230    o    o 

The  cost  is  at  the  rate  of  ^^9,867  per  mile  of  single  track, 
including  equipment  for  three-minutes  service  of  cars. 
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Comparisons  of  Receipts  and  Expenditures  taken  from 
THE  Company's  Balance  Sheets  for  1890,  with  1893. 

Per  mile  Per  mile 

run.       Year  ending  i8^.       run.       Year  eadin^  1893 
d.  ^         s.     d.         d.  ^        s.     d. 

Receipts        .        .        .12*46    12,345  14    6     11*41     1 5*275  14    o 
Expenditures  including — 

Motive  power,  traffics 

maintenance,   and 

general  charges        .      8*93      8,284    o    9      6*38      ^,431    3    7 

Balance  to  nett  revenue  .    ;f4,o6i  13    9  ^^6,844  10    5 


Comparison  of  Passengers  Carried  and  Miles  Run 

TAKEN   from  THE   COMPANY'S  BALANCE   SHEETS 

FOR   1890,  WITH    1893. 

Passeagen 
Miles  run.  carried. 

For  twelve  months  ending  December,  1890    .     222,^22        2,581,994 
,1  »  »,  1^93    •    3^6,752        3*263,790 

Increase      ....       93,930  681,796 


Note. — These  93,930  extra  miles  were  run,  and  the  681,796  extra 
passengers  were  carried  at  an  increased  expenditure,  as  indicated 
above,  of  the  comparatively  small  sum  of  ;^i47  2s.  lod. 

Following  on  their  experience  of  the  working  of  the  Edinburgh 
Northern  tramways  for  a  period  of  six  years,  the  Edinburgh 
Corporation  have  lately  purchased  the  horse  tramway  lines  within 
their  city  boundaries,  and  have  determined  to  work  them  by  cable 
traction.  For  this  purpose  they  have  leased  the  lines  to  Messrs. 
Dick,  Kerr  &  Co.  for  a  period  of  twenty-one  years.  Practically, 
therefore,  the  whole  system  will  in  due  course  be  converted  and 
worked  by  means  of  cables. 

It  may  also  be  noted  that  the  tramway  committee  of  the  New- 
castle Corporation  have  made  a  report  in  favour  of  the  working  of 
their  system  by  cable  traction,  and  there  is  little  doubt  that  cables 
will  soon  be  laid  in  that  city.  Other  cities  are  enquiring  in  the 
same  direction,  and  awakening  to  a  knowledge  of  the  advantages 
of  the  cable  system,  and  its  capacity  for  dealing  with  their  heavy 


BIRMINGHAM  CABLE   TRAMWAY.  543 

traffics :  facts  which  for  a  considerable  period  have  been  fully 
appreciated  by  the  cities  of  America  and  Australia,  where  heavy 
trafhcs  have  had  to  be  negotiated. 


Birmingham  Cable  Tramway. 
The  BirniiDgham  Cable  Tramway — a  section  of  the  Birmingham 
Central   Tramways  —  was    constructed    between     ^ 
Colmore  Row,  Birmingham,  and  Hockley,  to  the  ^^    '" 

designs  of   Mr.   Joseph    Kincaid  and    Mr.   E.        ^^k 
Fritchard,  the   engineers  of  the  line ;  and  was        ^^1 

opened  in  March,   1888.     Fig,   315   is  a  plan  

of  the  Birmingham  terminus  in  Colmore  Row,  ilflH  i 
showing  two  lines  of  way,  connected  by  two  'i^W  ^ 
over- crossings,  with  the  position  of  the  large  SW  a 
terminal  pulley  and  pulley-piL  The  pulley  and  Sfflltpi  ^ 
its  dispositions  are  shown  in  Fig.  326.    So  also     K  .e 

are  the  four  large  pulleys  and  pulley-pit  at  Hockley     m.  % 

in  Figs.  337,  328,  and  329,  which  receive  the     B|' 
ropes  on  their  way  to  Birmingham,  and  those  for     B  I* 

working  the  line  from  Hockley  to  Handsworth.  ^^  S 
A  longitudinal  section  of  the  engine-house  and  j|^|  '" 
tcnsional  gear  is  given  in  Fig.  330.  The  rope  ''Wi!  3 
coming  from  Birmingham  enters  the  engine-house  'J 

at  a  low  level,  and  passes  under  and  free  of  the     k  « 

first  driving-pulley  to  the  second  driving-pulley,     B  .c 

by  which  it  is  received,  and  round  which  it  is  ^^m       % 

bent,  whence  it  passes  over  the  top,  then  crossing  ^^1  '^ 
over  to  and  winding  under    the    first    pulley.  ^ 

Thence  the  rope,  passing  from  the  top  of  the  first 
pulley,  proceeds  to  and  passes  over  and  under  the 
pulley  on  the  tension -carriage,  from  which  it 
returns  to  the  engine-house,  and  passes  out  fo 
Birmingham.  The  axle  of  the  tension-pulley  i: 
not  horizontal,  and  the  pulley  is  inclined.    By 
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this  means  the  rope  coming  from  under  the  pulley  is  diverted  to 
one  side  a  little,  and  passes  by  the  side  of  the  driving -pulleys  in 
the  engine-house.  The  same  system  of  communication  is  em- 
ployed for  the  Handsworth  line. 

A  winch  is  mounted  on  the  tension- carriage,  from  which  a  rope 
is  led  to  a  small  pulley  fixed  to  a  cross-head,  then  round  the  small 
pulley  and  back  to  the  winch.    Strong  volute  springs  are  fixed  at 


the  back  of  the  cross-head  to  take  up  or  absorb  any  violent  shock. 
From  this  point  chains  are  led  over  the  pulleys  and  supports,  and 
connected  to  cradles,  in  which  the  tension-weights  are  carried. 
There  are  16  weights  adjustable  in  number  according  to  the 
magnitude  of  the  trafGc  or  the  condition  of  the  rails. 

The  line  is  worked  by  steam-power,  for  which  steam  is  sup- 
plied by  six  Lancashire  boilers,  6  feet  in  diameter,  34  feet  long, 

N  N 
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with  two  flues  28^  inches  in  diameter, 
generating  steam  of  80  lbs.  pressure 
per  square  inch.  The  two  flues  merge 
in  one  wide  flue,  which  is  fitted  with 
21  Galloway  tubes.  The  chimney  is 
no  feet  high  above  the  ground  level, 
and  5i  feet  in  diameter  at  the  top. 

The  engines,  Figs.  331  and  332,  are 
a  pair  of  horizontal  steam-engine:>, 
having  jacketed  cylinders,  24  inches  in 
diameter,  with  a  common  stroke  of 
4  feet,  making  50  revolutions  per 
minute.  The  fly-wheels  are  15  feet  in 
diameter,  2  feet  wide,  and  weigh  about 
8  tons  each.  Under  each  fly-wheel  a 
powerful  steam-brake  is  fixed,  and  the 
engines  can  be  stopped  immediately  in 
case  of  accident  to  the  rope.  The 
main  shaft  is  of  steel,  having  9^  inch 
journals.  The  pinion  on  the  main 
shaft  is  5  feet  4^  inches  in  diameter, 
and  gears  into  the  front  driving  spur- 
wheel,  which  is  13  feet  iij  inches  in 
diameter.  The  back  driver,  of  equal 
diameter,  gears  with  and  is  driven  by 
the  front  driver.  Either  engine  can  be 
coupled  or  uncoupled  as  required  by 
means  of  clutches  on  the  engine-shaft. 
The  three  spur-wheels  are  keyed  fast 
on  the  shafts,  but  the  large  grooved 
pulleys  are  made  fast  or  loose  on  the 
spur-wheel  shafts  by  means  of  clutches 
and  hand*wheels  on  the  ends.  The 
lower  of  the  rope-driving  pulleys  are 
10  feet  in  diameter.  They  are  for  the 
Birmingham  service.     The  periphery  is 
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grooved  for  the  rope,  and  is  lined  with  compressed  beech-wood, 
held  in  position  by  segments  bolted  on  at  one  side,  as  shown  in 
Fig-  333-     The   upper  of  the  large  grooved  pulleys,   13  feet 


^ML 


F'8.  333.     Birmingham  Cable  Tramway :  Ropt-driring  Pulley. 

4  inches  in  diameter,  are  employed  on  the  Handsworth  service. 
The  lai^er  size  was  adopted  because  the  cars  may  be  run  on  this 
service  at  a  higher  speed. 


Fro.  334.     Birmineham  Cable  Tramway :  Type  Section  of  Way, 

The  cars  are  constructed  with  two  bogies.  They  can  can; 
10  passengers  inside  and  31  outside ;  together,  41  passengers, 

A  cross  secdon,  typical  of  the  whole  of  the  way,  is  given  in 
^V-  334-    The  gauge  is  3I  feet.    The  running  rails  are  of  girder 
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section,  weighing  98  lbs.  per  yard,  the  slot  rails  are  65  lbs.  per  yard. 
The  conduit  is  of  concrete,  in  which  the  framed  bearers  of  the 
rails,  running  and  slot,  with  the  ordinary  conduit-pulley  supports, 
are  embedded.  The  conduit  is  13  inches  wide,  and  2  feet  8  inches 
deep  below  the  level  of  the  rails.  The  framing,  or  skeleton  ot 
the  conduit,  is  constructed  of  T-steel,  4  inches  by  3  inches  by 
i  inch.  The  frames  or  yokes  are  4  feet  apart  between 
centres.  The  carrying-pulleys,  in  the  lower  part  of  the  conduit, 
for  supporting  the  rope,  are  ii^  inches  in  diameter,  3  inches 
wide. 

The  cable  is  of  steel  wire,  3S  inches  in  circumference,  or  about 
I  '08  inches  in  diameter.  The  cable  contains  6  strands  of  1 9  wires 
each,  laid  on  a  central  hemp-core.  The  wire  is  No.  1 5  wire  gauge. 
The  breaking  tensile  strength  of  all  except  the  central  wire  of 
each  strand  is  95  tons  per  square  inch,  and  the  breaking  strength 
of  each  cable  is  33  tons. 

The  gripper,  with  its  mounting,  is  shown  in  Figs.  335  and  336. 
Its  position  relative  to  the  slot-rails  is  shown  in  Fig.  335,  the  upper 
part  of  the  figure  showing  the  slot-rails  in  section.  When  the 
gripper  jaws  are  open,  and  the  cable  runs  freely  between  them, 
it  is  carried  by  the  smaller  rollers,  which  are  carried  by  levers, 
which  work  on  the  pins,  as  fulcra,  and  are  connected  by  a  pin, 
which  causes  them  to  act  in  concert  either  in  raising  or  in  lowering 
the  rope,  and  so  fixing  or  freeing  it.  When  the  lower  jaw  descends, 
with  the  vertically  sliding  plate  to  which  it  is  fixed,  the  helical 
spring,  acting  vertically  under  compression  through  the  pin  and 
levers,  forces  the  rollers  upwards  into  the  positions  shown.  The 
gripper-plate  slides  between  guide-plates.  By  reverse  movements 
the  rope  is  lifted  on  the  lower  jaw  into  gripping  position.  The 
raising  and  lowering  of  the  gripper  apparatus  is  effected  by  means 
of  the  grip-lever  on  the  platform  of  the  car.  The  rope  is  shown 
in  section  in  the  two  extreme  positions  in  Fig.  334  ;  the  upper 
position  when  gripped,  the  lower  when  running  free. 

The  cable  tramway,  as  above  described,  has  been  extended 
from  the  Hockley  winding  station  on  a  route  three  miles  long 
with  double  way,  worked  by  ropes  from  the  Hockley  station. 
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Figs.  335  »nd  336— Birmingham  Cable  Tramway:  Gripper. 


Maixock  Cablc  Tramway. 

The  Matlock  Cable  Tramway,  opened  in  Easter,  1893,  is  a 

short  line  |  mile  in  length,  presenting  unique  features  of  construe- 
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tion  and  application  much  appreciated  by  the  residents  in  the 
district.  The  track  is  all  single  line,  with  one  passing  place,  and 
on  the  single  line  are  six  curves  from  180  feet  to  1,000  feet  in 
radius.  The  average  gradient  is  i  in  7*7,  and  the  steepest  is 
I  in  5.  There  is  a  rise  of  300  feet  in  770  yards.  The  width  of 
road  is  in  many  places  only  20  feet.  Car  brakes  are  provided  of 
sufficient  power  to  stop  a  loaded  car  on  the  steepest  grade  when 
running  free  after  having  left  the  cable.  Each  car  is  provided 
with  two  brakes,  a  wheel  and  a  rail  brake.  The  construction  of 
the  track  is  similar  to  that  of  the  Edinburgh  Northern  Cable  Tram- 
ways, but  special  pulleys  were  designed  to  take  the  cable  round 
the  curves.  The  gauge  of  the  way  is  3  J  feet.  The  speed  of  the 
rope  is  5^  mile&  per  hour. 

The  driving  plant  at  the  depot  is  in  duplicate,  and  consists  of 
two  Sinclair  boilers  fitted  with  mechanical  stokers,  and  a  pair  of 
high-pressure  steam-engines  with  cylinders  of  14  inches  diameter 
and  28-inch  stroke,  with  Proell  valve  gear.  The  grip  pulley, 
cable  gearing,  and  car  grippers  are  similar  to  those  supplied  for 
the  Edinburgh  cable  lines.  The  cars  are  double-deckers,  and 
have  garden  seats  both  inside  and  outside,  seating  31  passengers. 
The  whole  of  the  permanent  way,  engines,  boilers,  cars,  and  cables 
were  provided  through  Messrs.  Dick,  Kerr  &  Co.  to  the  designs 
of  Mr.  W.  N.  Colam.  Mr.  Croydon  Marks  was  engineer  to  the 
company. 


Brixton  Cable  Route  of  the  London  Tramways. 

The  Brixton  Cable  Tramway  of  the  London  Tramways  Company 
has  a  track  length  of  5^  miles,  to  a  gauge  of  4  feet  8i  inches ; 
and  runs  from  near  Kennington  Park  through  the  busy  thorough- 
fares of  Brixton,  up  Streatham-hill  to  a  point  near  Streatham- 
hill  Station.  The  depot,  situated  at  the  Streatham  terminus,  is 
of  large  dimensions,  covering  a  piece  of  ground  370  feet  by  no 
feet.     Its  arrangement  is  shown  in  detail  in  Figs.  337  to  339 
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(Plates  V.  and  VI.).  It  was  built  to  accommodate  the  roachineiy 
and  cars  necessary  for  working  an  extension  of  the  line  to 
Streatham  Common  :  a  further  distance  of  about  three  miles  of 
route.  The  London  tramway  line  was  opened  for  horse  traffic 
about  the  year  1875  ;  and  the  cable  tramway  from  Kennington  to 
Telford  Park,  in  December,  1892. 

The  cable,  about  six  miles  in  length  in  one  rope,  was  manufac- 
tured of  special  steel,  and  it  weighs  about  30  tons.     It  runs  along 
the  road  in  a  concrete  tube,  constructed  centrally  along  both  up 
and  down  tracks,   somewhat  similar  to  the  arrangement  in  the 
case  of  the  Edinburgh  tramway  shown  in  Figs.  318  and  319  (page 
535).     The  tube,  which  is  properly  drained,  is  19  inches  deep 
and  9  inches  wide.     In  the  road,  however,  there  is  but  a  con-      \ 
tinuous  slot  \  inch  wide ;  this  slot  being  formed  by  rolled  steel     | 
slot-rails  fixed  to  cast-iron  yokes  embedded  in  concrete-     The 
speed  of  the  cable  is  8  miles  per  hour. 

In  the  tube  on  the  straight  road,  at  intervals  of  about  50  feet, 
vertical  pulleys,  as  in  Fig.  320,  are  placed,  and  on  the  curves  hori- 
zontal pulleys  (Fig.  321),  at  intervals  proportionate  to  the  curves. 
These  pulleys  carry  the  cable  so  that  normally  it  is  from  \\  inches 
to  2\  inches  out  of  the  centre  line  of  the  slot :  no  road  dirt,  there- 
fore, falling  on  it. 

Over  each  pulley  a  hatch  cover  (Fig.  319)  18  inches  by  9  inches, 
is  placed  in  the  road.  This  cover  is  fitted  with  wood  blocks, 
and  is  very  little  distinguishable  from  the  ordinary  paving. 

At  the  Kennington  terminus,  large  pulleys  are  provided  for  the 
purpose  of  passing  the  cable  from  the  up  line  to  the  down  line, 
similar  to  Fig.  322  (p.  538).  At  Streatham,  similar  pulleys  are 
provided  to  pass  the  cable  into  the  depot 

Ordinary  horse  cars  are  employed  on  the  line  for  passenger 
traffic,  coupled  to  a  cable  car  for  the  purposes  of  cable  traction. 
On  the  cable  car  the  gripping  apparatus  is  mounted.  Such  a 
disposition  was  rendered  necessary  by  the  fact  that  at  Kennington 
the  passenger  cars  are  despatched  to  three  different  termini  by 
means  of  horses,  and  it  was  thought  undesirable  to  increase  the 
weight  of  their  cars  by  the  gripping  apparatus.     The  cable  cars 
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simply  carry  the  gripper  and  the  driver,  the  Board  of  Trade 
objecting  to  their  carr3dng  passengers  until  after  the  line  had 
L>een  in  operation  for  some  time. 

Each  cable  car  is  provided  with  a  double-jawed  gripper,  some- 
what similar  to  Fig.  324 — that  is,  a  gripper  which  is  capable  of  use 
on  both  the  up  and  the  down  lines.  The  gripper  is  suspended 
from  the  car  framing  in  such  a  way  that  it  is  free  to  move  from 
left  to  right :  a  movement  which  is  necessary  when  rounding  the 
curves  in  the  slot  The  shank,  which  is  12  inches  wide  and 
^  inch  thick,  passes  through  the  slot,  and  is  fitted  with  upper 
and  lower  jaws  for  gripping  the  cable.  The  upper  jaw  maintains 
a  fixed  level  in  the  tube ;  whilst  the  lower  jaw  can  be  raised  or 
lowered  by  means  of  the  hand-wheel  and  screw,  as  seen,  above 
the  car  floor,  to  the  extent  of  6  inches,  thus  rendering  it  possible 
to  pick  up  the  cable  at  any  part  of  the  road.  Both  jaws  are 
lined  with  soft  cast-iron  dies,  which  are  easily  renewable.  In 
rounding  curves  in  the  road  a  horizontal  roller  is  provided  in  the 
gripper  shank,  and  this  then  rolls  on  a  recess  in  the  slot  rail. 

There  are  four  double-furnace  Babcock  &  Wilcox  water-tube 
boilers,  having  a  working  pressure  of  140  lbs.  per  square  inch. 
They  are  provided  with  Vicars'  mechanical  stokers  and  coal  ele- 
vators ;  also  an  automatic  arrangement  for  maintaining  the  steam 
steadily  at  one  pressure  without  interference  on  the  part  of  the  man 
in  charge.  The  arrangement  is  worked  by  a  jet  of  steam  from  the 
boiler  in  such  a  way  that  as  the  pressure  rises  above  the  normal 
working  pressure  the  stokers  are  stopped,  and  when  it  falls  the 
stokers  go  on.     Rain-water  is  collected  in  settling-tanks. 

The  engines  for  driving  the  line  are  in  duplicate.  There  are 
two  pairs  of  high-pressure  compound  steam-engines  with  high- 
pressure  cylinders  of  20  inches,  and  low-pressure  cylinders  of 
32  inches  in  diameter  respectively,  and  the  stroke  of  both  is 
50  inches.  Each  pair  of  engines  is  capable  of  driving  1 2  miles  of 
cable  with  the  necessary  cars,  and  is  now  developing  about  half 
its  maximum  power,  the  high-pressure  cylinders  alone  being  used. 
One  pair  of  engines  is  placed  at  each  end  of  the  first  motion-shaft, 
the  two  cylinders  driving  on  toa  U  crank  and  a  disc  crank  respec- 
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lively.  The  valve  gear  on  the  high-pressure  cylinders  is  of  the  Proell 
type ;  the  low-pressure  cylinders  are  fitted  with  Corliss  valves. 
The  motion  of  the  engines  is  communicated  to  the  counter  or 
cable  shaft  by  means  of  a  rope-drive,  which  forms  the  chief  feature 
of  novelty  in  the  engine-house.  The  ratio  of  the  gearing  is  three 
to  one,  and  the  large  wheel  on  the  countershaft  is  30  feet 
diameter.  Each  wheel  is  grooved  for  twenty-four  6t-inch  ropes, 
2  inches  in  diameter. 

A  rope  drive  was  installed  instead  of  gearing  in  order  to 
insure  a  minimum  of  vibration  and  noise,  the  depot  being  built 
in  a  residential  neighbourhood. 

At  one  end  of  the  countershaft  is  a  Mather  &  Piatt  clutch  of 
the  outside  grip  pattern,  which  can  be  worked  by  means  of  a  lever 
placed  near  the  engine  stop-valve,  thus  insuring  complete  control 
of  the  machinery  from  one  point  The  clutch  communicates  the 
motion  of  the  countershaft  to  the  grip  pulley,  the  pulley  which 
moves  the  cable.  A  similar  clutch  and  pulley  are  to  be  placed  on 
the  other  end  of  the  countershaft  to  drive  the  second  cable  when 
the  extensions  are  made.  The  grip  pulley  is  of  the  solid  jaw  type  \ 
the  jaw  being  a  parallel  groove  running  round  the  pulley,  the 
cable  resting  on  a  small  shoulder  on  either  side  of  the  jaw.  The 
jaw,  formed  of  white  metal  slabs  cast  in  place,  and  renewable,  is 
found  not  to  do  any  harm  to  the  cable.  This  method  of  drive  should 
be  contrasted  with  the  present  American  practice — two  Walker 
dififerential  drums  having  three  or  four  complete  wraps  of  the 
cable,  whereas  a  three-quarter  lap  is  found  to  do  the  work  in 
London,  and  has  been  found  equal  to  any  strain  put  on  it.  The 
cable,  after  leaving  the  grip  pulley,  is  conducted  by  another  wheel 
to  the  tension  pulley,  which  is  mounted  on  a  wrought-iron  carriage 
free  to  run  on  rails.  A  uniform  tension  is  maintained  on  the  cable 
by  a  weight  suspended  from  the  back  of  the  tension  carriage.  The 
rise  or  fall  of  this  weight  is  a  perfect  indicator  of  the  amount  of 
strain  on  the  cable,  and  by  watching  its  movements  a  very  good 
idea  may  be  gained  of  the  fluctuations  of  the  load  which  have  to 
be  provided  for  in  a  cable  tramway,  in  order  to  insure  the  smooth 
and  steady  running  of  the  cars  on  the  road. 
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The  dep6t  is  built  on  a  level  10  feet  above  the  level  of  the 
main  road,  and  the  cars  in  returning  to  the  shed  have  to  mount 
a  long  incline  of  i  in  20.  An  auxiliary  rope  is  provided  here, 
which  is  driven  by  a  clutch  on  the  countershaft,  at  a  speed  of 
about  2^  miles  per  hour.  It  is  so  arranged  that  the  cars  can  take 
this  rope  on  the  main  line,  mount  the  incline,  and  pass  on  to  a 
traverser  which  commands  the  whole  width  of  the  car-shed,  and  is 
moved  by  another  rope  off  the  main  engines. 

Machinery  is  provided  for  changing  the  cables  on  the  main  line, 
together  with  the  necessary  storage  drums.  Machines  are  also 
provided  for  doing  all  necessary  repairs,  such  as  slotting,  planing, 
drilling,  turning.  The  necessary  power  for  driving  all  this  ma- 
chinery is  obtained  from  the  barring  engine. 

A  travelling  crane  is  provided ;  of  55  feet  span  to  lift  24  tons 
on  two  winches.  This  crane  travels  the  whole  length  of  the 
engine-house,  which  is  150  feet. 

Mr.  W.  N.  Colam  was  the  engineer  for  the  whole  of  the  work, 
including  the  buildings';  Messrs.  Dick,  Kerr  &  Co.  were  the  coa- 
tractors  for  the  road,  gripping  gear,  engines,  and  most  of  the 
machinery ;  Messrs.  Babcock  &  Wilcox  supplied  the  boilers ; 
Messrs.  Cradock  &  Co.  the  cable ;  and  Messrs.  Lucas  &  Aird  the 
buildings. 

The  Company  possess  in  their  Brixton  route  one  of  the  most 
complete  installations  for  cable  traction.  They  have  applied  to 
Parliament  for  an  extension. 


PART  VI . 
ELECTRIC  TRACTION. 


CHAPTER  I. 
ELECTRIC  POWER  AS  APPLIED   TO  TRAM  WATS. 

The  only  available  source  of  electrical  energy  was  until  coni]>aia- 
tively  recently  the  galvanic  battery,  and  attempts  have  been  made, 
since  the  beginning  of  the  century,  to  apply  that  force  for  obtain- 
ing and  transmitting  power.  The  hopelessness  of  the  attempts  is 
obvious.  A  pound  of  zinc  is  produced  by  the  combustion  of  from 
15  lbs.  to  20  lbs.  of  coal,  and  while  a  pound  of  coal  in  burning 
gives  out  12,000  heat-units,  a  pound  of  zinc  in  burning  gives  only 
2,340  units.  Thus  zinc  gives  in  burning  only  one-fifth  of  the  effect 
in  energy  that  coal  does,  and  taking  the  cost  of  zinc  at  fifty  times 
that  of  coal,  it  follows  that  the  cost  of  energy  in  the  case  of  a 
galvanic  battery  is  approximately  two  hundred  and  fifty  times 
greater  than  in  a  steam  boiler. 

For  the  purpose  of  mechanical  traction  on  tramways,  electric- 
power  may  be  transformed  into  mechanical  power,  with  a  laige 
percentage  of  efficiency.  The  dynamo  is  the  source  with  which, 
principally,  electricity  has  been  associated.  The  current  pro- 
duced is  known  as  inductional  electricity,  as  it  is  magnetically 
induced  by  the  revolution  of  the  armature  of  the  dynamo.  The 
motor  is  connected  to  the  wheels  of  the  car,  for  the  purpose 
of  propulsion,  by  direct  gearing  or  by  reducing  gear.  Self-contained 
motor  trucks  comprise  a  rigid  framework  resting  on  the  axle-boxes. 
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The  body  of  the  car  rests  on  and  is  fastened  to  the  frame.  Thus 
may  be  provided  an  elastic  gear  connection  ;  the  axle-journals  are 
maintained  parallel;  and  the  gearwheels  may  be  properly  pro- 
portioned to  reduce  the  speed  of  the  armature  from,  say,  2,500 
revolutions  per  minute,  for  a  suitable  speed  of  the  car  on  the  rails. 
In  order  to  secure  a  sufficient  degree  of  adhesion  for  propulsion, 
it  is  expedient  to  provide  two  motors  to  each  truck,  geared  to 
independent  axles. 

To  transmit  current  from  the  dynamo,  or  generator,  to  the 
motors  on  the  car,  it  is  necessary  that  a  complete  metallic  circuit 
should  extend  from  the  generator  to  the  car,  and  return  to  the 
generator.  "  Positive  '*  current  is  conveyed  over  that  part  of  the 
circuit  which  leads  out  from  the  generator.  "  Negative  "  current 
is  the  return  current  leading  back  to  the  generator. 

It  is  readily  seen  that  an  electric  motor  can  be  connected  by 
reducing  gear  to  the  wheels  of  a  tram-car  to  cause  them  to  revolve  : 
in  the  manner  of  a  turning-lathe,  for  instance.  But  the  peculiar 
difficulty  in  dealing  with  electric  traction  is  to  convey  the  elec- 
tricity produced  at  the  supply  station  to  the  electric  motor  on  the 
moving  cars  : — properly  to  locate  these  conductors,  with  the  best 
means  of  securing  a  continuous  movable  contact. 

(i.)  On  some  early  tramways,  a  third  rail  was  laid,  on  insulating 
material,  through  which  positive  current  was  transmitted,  and  from 
which,  by  means  of  a  brush  or  wheel,  the  current  was  taken  up, 
passed  through  the  motor,  and  thence,  by  means  of  the  car-wheels, 
to  the  rails  of  the  way,  through  which  it  was  returned  to  the 
generator. 

(2.)  Underground  communication  by  two  wires  or  metal  rods, 
one  for  positive  current,  the  other  for  negative  current,  in  a  shallow 
conduit  laid  between  the  rails  or  at  one  side  of  the  way.  Contact 
with  the  conductor  is  effected  by  means  of  brushes  or  ploughs, 
supported  by  a  thin  iron  plate  or  finger  hung  to  the  truck,  and 
moving  along  a  narrow  longitudinal  slot  in  the  top  of  the  conduit 
One  brush  takes  up  current  from  the  positive  wire  and  conveys  it 
to  the  motor,  whence  it  is  returned  to  the  negative  wire  through 
the  other  brush.     The  conducting  wires  must  be  carefully  insu- 


560  ELECTRIC  TR ACTIOS. 

lated  from  the  sides  of  the  conduit,  and  from  contact  with  the 
slot-rails. 

(3.)  The  overhead  system  of  coi^nection  is  the  system  most 
generally  employed.  It  includes  the  methods  of  (i)  supp>ortiDg 
one  or  both  conductors  on  trolleys,  and  (2)  making  contact  with 
them  above  the  car.  Of  these,  the  single-wire  under-contact 
arrangement  is  the  more  popular.  The  positive  wire  is  supported 
over  the  centre  of  the  way  by  means  of  cross  wires  attached 
to  poles  at  the  side  of  the  street,  or  by  means  of  cross-arms  on 
poles  placed  between  the  ways.  For  single  lines  of  way,  side  poles 
with  brackets  are  used.     The  trolley  wires  are  braced  on  curves. 

In  the  single-trolley  system,  the  rails  are  utilised  for  the  return 
or  negative  current ;  and  for  this  purpose  the  ends  of  the  rails  are 
wired  together,  and  are  usually  supplemented  by  one  or  more  return 
wires  which  are  buried  beneath  the  pavement,  to  which  each  sec- 
tion of  rail  or  casting  is  connected  by  means  of  branch  wires.  The 
bonds  are  riveted  to  the  rails.  Galvanised  iron  wire  is  recom- 
mended for  rail-bonds  and  way  wiring.  Copper  wiring  deteriorates 
rapidly  by  electrolysis. 

The  way  connections  should  return  the  current  to  the  generator 
in  a  direct  path — having  a  minimum  of  resistance  in  the  return 
circuit — and  resulting  in  economy  of  power,  and  efficient  service 
from  the  motors. 

In  some  soils  the  resistance  of  the  rail-return  may  be  reduced 
and  leakage  avoided,  by  driving  metal  rods  or  pieces  of  gas  pipe 
10  or  15  feet  down  into  the  ground  and  connecting  these  rods 
with  the  rails  or  a  supplementary  wire. 

In  place  of  rods,  copper  ground  plates,  having  from  30  to  40 
sq.  ft.  of  surface,  may  be  placed  at  intervals  of  1,000  feet,  and  at 
a  depth  sufficient  to  insure  their  being  always  in  moist  ground. 

For  supporting  the  overhead  wire,  poles  of  wood,  iron,  or  steel, 
from  26  to  30  feet  long,  may  be  employed.  The  best  timber  is 
chestnut,  cedar,  or  Georgia  pine.  Wooden  poles  on  straight  lines 
should  be  from  7  to  8  inches  in  diameter  at  the  top,  and  at  least 
from  10  to  12  inches  at  the  base ;  but  iron  or  steel  poles  are  more 
desirable  than   wooden  poles.     The  poles  are   usually  placed    , 
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125  feet  apart,  and  they  should  be  set  at  least  6  feet  deep  in  the 
ground  in  a  foundation  of  concrete.  Near  the  top  of  the  pole  a 
device  should  be  provided  to  secure  the  most  perfect  insulation 
for  the  suspension  wire.  The  trolley  wire  is  supported  from 
above  without  obstructing  the  passage  of  the  under-running  trolley 
wheel. 

The  trolley  wire  should  not  be  smaller  than  No.  o  ("325  inch) 
of  hard  drawn  copper  wire  or  silicon  bronze  wire. 

Feed  Wire. — The  trolley  wire  is  usually  not  large  enough  to 
transmit  the  power  to  a  long  distance  without  undue  loss ;  and  it 
is  advantageous  to  supply  the  current  to  the  trolley  wire  at 
intervals,  by  means  of  auxiliary  insulated  feed  wire.  By  this  means 
a  nearly  uniform  potential  can  be  maintained  at  all  points  of  the 
line.  Subways,  or  electric  conduits  for  feed  wires,  should  be  of  non- 
conducting tubing,  through  which  the  bare  conductors  can  be  laid ; 
and  the  tubing  should  be  enclosed  in  a  creosoted  plank  casing. 
Contact  of  the  moving  car  with  the  overhead  wire,  for  the  purpose  of 
conducting  the  current  through  the  controlling  mechanism  on  the 
car  to  the  respective  poles  of  the  motor,  is  made  by  means  of  a 
trolley  pole  and  stand.  The  relation  of  the  cars  to  the  circuit 
is  illustrated  by  diagram,  Fig,  340,  showing  that  the  current  seems 
to  start  from  the  positive  brush  of  the  generator,  o,  and  along  the 
overhead  conductor  in  the  line  of  the  arrows  until  it  reaches  the 
trolley,  t,  of  one  of  the  motor  bars,  which  is  in  contact  with  the 
conductor.  Here  a  portion  of  the  current  passes  down  through 
the  trolley  to  the  motors  m,  m,  as  shown  by  the  dotted  line.  The 
current  having  done  its  work  in  the  motors  goes  on  the  rails 
through  the  wheels  and  by  the  rails  return  wire,  w,  back  to  the 
negative  brush  of  the  generator.  The  main  portion  of  the  current, 
which  divides  at  t,  passes  on  to  feed  the  other  cars  upon  the 
line  in  the  same  manner,  each  car  taking  from  the  conductor  only 
the  necessary  amount  of  current  to  develop  the  required  power, 
while  the  entire  return  current  is  carried  by  the  rail  and  a  supple- 
mentary wire. 

The  trolley-stand  consists  of  an  upright,  firmly  attached  to  the 
roof  of  the  car,  and  a  long  wooden  or  iron  arm  mast,  pivoted  near 
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one  end  upon  the  top  of  the 
upright.  The  long  ann  of 
the  mast  catries  a  metal 
trolley  wheel  which  is  held 
&rmly  up  against  the  under 
side  of  the  conductor  by 
strong  springs  attached  to  the 
short  end  of  the  arm  and 
connected  with  the  base  ot 
the  standard.  The  mast 
springs  and  atCachments  are 
all  free  lo  swivel  upon  the 
upright. 

An  insulated  wire  em- 
bedded in  the  mast  conducts 
the  current  from  the  trolley 
wheel  to  the  controlling 
switches  on  the  car,  but  in 
place  of  a  trolley  wheel, 
a  sliding  contact  may  be 
obtained  by  means  of  a 
carbon-lined  metal  brush  at 
the  end  of  a  trolley  pole. 

Two  overhead  wires,  5 
inches  or  6  Inches  apart, 
are,  as  already  stated,  some- 
times employed  instead  of 
the  single  overhead  wire  and 
rail  connections  to  form 
the  necessary  metal  circuit. 
Two  trolley  wheels,  or  two 
masts,  each  carrying  a  wheel, 
are  required,  one  wheel  Jn 
contact  with  the  positive 
wire  and  the  other  with  the 
negative  wire.    The  < 
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is  thus  conducted  from  one  wire  to  the  motors  and  back  to  the 
other  wire. 

As  to  the  wiring  of  the  car,  and  how  the  wires  are  connected 
with  the  switches  and  with  the  poles  of  the  motors.  Usually  a 
switch  on  each  platform  directs  the  current  to  both  motors,  and 
controls  the  speed  and  the  direction  of  the  car.  In  addition,  the 
flow  of  current  through  the  motors  is  controlled  : — according  to  one 
system,  by  a  peculiar  winding  of  the  field  magnets ;  by  another  system^ 
current  is  controlled  through  a  ''  rheostat,"  or  resistance  box,  by 
which  any  abnormal  flow  of  current  through  the  armature  is 
prevented,  and  the  motor  is  enabled  to  start  gradually.  It  is 
in  the  form  of  a  half  circle,  mounted  under  the  floor  of  the  car. 
Resistance  is  produced  by  small  pieces  of  thin  sheet-iron,  side  by 
side,  separated  by  mica,  so  arranged  that  they  are  connected  in 
series  throughout  the  rheostat.  At  proper  intervals,  contact  pieces 
of  heavy  sheet-iron  are  provided.  The  whole  is  secured  in  a 
semi-circular  iron  case  thoroughly  insulated  with  mica  throughout. 

Storage  Batteries,  Accumulators,  or  Secondary  Batteries,  belong 
to  a  class  of  chemical  batteries^  in  which  chemical  action,  primarily 
induced  by  the  application  of  a  current  of  electricity,  supplied  from 
a  primary  battery  or  from  a  dynamo,  enables  a  strong  current  to 
be  given  back  any  time  after  cutting  off  the  charging  current.  This 
derived  current  is  the  product  of  chemical  reaction. 

The  accumulator  system  of  storage  batteries,  or  secondary 
batteries,  is  the  simplest  and  most  convenient  method  of  convey- 
ing the  electricity  produced  at  the  supply  station  to  the  electric 
motor  on  the  cars.  The  stored  energy  is  carried  in  accumulators, 
which  are  placed  under  the  seats  of  the  car,  and  connected  by 
wires  through  a  regulating  switch  to  the  motor.  But  there  is  an 
unavoidable  loss  in  the  use  of  current  taken  from  accumulators, 
and  there  is  a  loss  in  addition  due  to  the  additional  weight  of  the 
accumulators  to  be  drawn. 

Electrical  Terms  and  Units. 

It  may  be  useful  to  recapitulate  these  here  : 
F(?//.— Unit  of  electro-motive  force  (E.M.F.) :  Electric  Pressure, 
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Ampa^e. — Unit  of  current;  rate  at  which  electric  currenl  is 
transmitted  through  the  conductor  forming  the  circuit. 

Ohm, — Unit  of  electric  resistance  in  the  conductor.  Resistance 
is  that  which  tends  to  stop  the  flow  of  electricity. 

Watt, — Unit  to  express  rate  at  which  electric  power  is  absorbed 
or  developed  in  an  electric  system,  stated  in  terms  of  any  two  of 
the  other  units.  It  serves  as  a  means  of  comparison  between 
electrical  and  mechanical  power. 

Thus,  to  measure  the  power  exerted  by  a  current  in  a  wire,  the 
volts  of  electro-motive  force  and  the  amperes  of  current  are  mea- 
sured. The  two  numbers  are  multiplied  together.  Or,  the  same 
result  is  obtained  by  multiplying  the  square  of  the  current  in 
amperes  by  the  resistance  in  ohms.  Products  are  the  same,  and 
give  the  rate  of  doing  work,  or  the  watts. 

A  Watt  is  =      ^  th  part  of  a  horse-power. 

Resistance  of  Conductors  (say,  a  wire),  is,  ist,  proportional  to  its 
length ;  2nd,  is  inversely  proportional  to  the  area  of  section ;  3rd, 
depends  pn  the  material  of  which  it  is  made. 

Conducting^ 

power.  Resistance. 

Silver 100  '2421 

Copper 99*55  '2106 

Iron i6'8i  1*2425 

Lead 8*32  3*236 

German  silver    ....        —  2*652 

Volts         .  .  ^  Volts  ^, 

^.        =  Amperes  of  current.      .      -        =  Ohms. 
Ohms  ^  Amperes 

The  United  St9.tes  of  America  are  conspicuously  in  advance  of 
the  United  Kingdom  in  the  application  of  electrical  traction  to 
tramways.  In  nearly  every  town  in  America,  horse  traction  has 
been  either  totally  or  in  part  superseded  by  electrical  traction. 
In  the  year  1892,  the  number  of  electrical  tramways  in  the  United 
States  was  436,  with  3,532  miles  of  track  and  5,851  motor  cars, 
travelling  in  the  aggregate  50,000,000  miles  and  carrying 
250^000^000  passengers  annually..   On  the  Continent,  many  im- 
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portant  city  tramway  systems  are  now  worked  electrically.  (For 
a  list  of  electrical  tramways  in  Europe,  compiled  by  Mr.  R.  Ham- 
mond, see  Appendix.)  On  the  other  hand,  the  British  and  Irish 
electrical  tramways,  aggregating  22  miles  of  way,  have  been  reduced, 
during  the  past  five  years,  by  three  on  account  of  the  abandonment 
of  electrical  working  on  those  lines,  whilst  only  six  new  lines  have 
been  added  to  the  list,  making  33}  miles  of  way  in  all. 


Electrical  Tramways  in  the  United  Kingdom,  1893. 


Year  of, 
opening. 


1883 

1883 

1885 

1886 
1886 
1889 
1890 

1890 

189I 
1 891 
189I 

1893 
1893 


5  Portrush       and 
(     Giant's  Causeway 

Brighton  Beach 
j  Bessbrook      and 
(      Newry  Tramway 

Ryde  Pier      .     . 

Blackpool      .     . 

Carstairs  .     .     . 

Birmingham .     . 
( City     and      South 
{      London      .     . 

Southend  Pier    . 

Guernsey  .     .     . 

Leeds  .... 

South  Staffordshire 

Liverpool  Overhead 


Miles. 


1    i 
'  2 

3 

3i 
i  74 
'6i 


System. 


Side  conductor  .     . 

Rails 

Central  conductor  . 

Side  conductor  .     . 
Conduit     .... 
Side  conductors 
Accumulator      .     . 

Side  conductor  .     . 

Central  conductor  . 
Overhead  conductor 


»» 


)} 


Water-power 

Gas-engine 

Water-power 

Gas-engine 

Steam 

Water-power 

Steam 


if  >» 

Central  conductor  . 


CHAPTER  II. 

EARLV  ELECTRICAL    TRAMWAYS— BESSBROOK 

AND  NEWRY  TRAMWAY. 

Early  Electrical  Tramways. 

The  application  of  electrical  transmission  of  power  to  railways 
was  first  exhibited  by  Dr.  Werner  Siemens,  at  the  Berlin  Exhibi- 
tion of  1879.  The  current  produced  by  a  dynamo-machine,  fixed 
at  a  convenient  station  and  driven  by  a  steam-engine  or  other 
motor,  was  conveyed  to  a  dynamo  placed  upon  the  moving  car, 
through  a  central  rail  supported  upon  insulating  blocks  of  wood  : 
the  two  working  rails  serving  to  convey  the  return  current.  The 
line  was  900  yards  in  length,  of  2  feet  gauge,  and  the  moving  car 
served  its  purpose  of  carrying  twenty  visitors  through  the  Exhibi- 
tion each  trip. 

The  success  of  this  experiment  led  to  the  laying  of  the  Lichter- 
felde  line,  in  which  both  rails  were  placed  upon  insulating  sleepers 
and  served  respectively  for  the  conveyance  of  the  current  from  the 
power  station  to  the  moving  car,  and  for  completing  the  return 
current. 

This  line,  which  is  2,500  yards  in  length  on  a  gauge  of  3^  feet, 
is  worked  by  two  dynamo-machines,  developing  an  aggregate 
current  of  9,000  watts,  equal  to  12  horse-power.  The  line  has 
been  in  operation  since  May,  1881. 

A  line  ^  kilometre  in  length,  of  4  feet  8^  inches  gauge,  was 
laid  at  Paris  in  connection  with  the  Electrical  Exhibition  of  1881. 
Two  suspended  conductors,  each  in  the  form  of  a  hollow  tube 


BESSBROOK  AND  NEWRY  TRAMWAY.  567 

with  a  longitudinal  slit,  were  adopted,  the  contact  being  made 
by  metal  bolts  drawn  through  the  slit  tubes,  and  connected 
with  the  dynarao-machine  on  the  moving  car  by  copper  ropes 
passing  through  the  roof.  On  this  line  95,000  passengers  were 
conveyed  in  the  course  of  seven  weeks. 

An  electrical  line  765  yards  long,  2  feet  2  inches  in  gauge,  has 
been  worked  in  connection  with  the  Zaukerode  Colliery  since 
October,  1882. 

An  electrical  tramway,  8  miles  in  length  and  3  feet  in  gauge,  was 
opened  in  1883,  connecting  the  town  of  Portrush  with  the  Giant's 
Causeway,  in  the  North  of  Ireland.  It  was  designed  by  Dr.  C.  W. 
Siemens. 

The  rails  are  not  insulated  from  the  ground,  but  joined  elec- 
trically by  means  of  copper  staples.  The  return  circuit  is  thus 
formed,  the  current  being  conveyed  to  the  car  through  a  T-iron 
placed  upon  short  standards  about  3  feet  high,  and  insulated  by 
means  of  insulite  caps.  The  power  is  produced  by  the  utilisation 
of  a  waterfall  near  Bushmills  by  means  of  three  turbines  of 
40  horse-power  each  and  giving  motion  to  a  shunt-wound  dynamo 
of  15,000  watts  equal  to  20  horse-power.  The  working  speed  is 
10  miles  per  hour. 

An  electrical  tramway  half  a  mile  long,  and  similar  to  the  Port- 
rush  line,  was  laid  on  the  Ryde  Pier.  It  was  constructed  by 
Messrs.  Siemens  Brothers,  and  was  opened  in  1886  for  electrical 
traction,  converted  from  horse-power.  The  generating  dynamo  is 
driven  by  a  gas-engine.  The  electrical  working  cost  in  December, 
1886,  was  6*3d.  per  mile  run,  against  8d.  for  horse  traction. 


Bessbrook  and  Newry  Tramway.* 

A  line  of  electrical  tramway  was  constructed  between  Newry 
and  Bessbrook  (Co.  Armagh,  Ireland)  for  the  carriage  of  coal  and 

*   The    material  for  the    notice  of  this   undertaking  has  been 
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Hax  from  the  wharves  to  the  mills,  as  well  as  the  down  traffic  of 
manufactured  goods,  the  abundant  water  power  available  offering^ 
exceptional  advantages  for  the  line  being  worked  electrically. 

In  the  construction  of  the  line  the  following  conditions  had  to 
be  met.  Ten  trains  were  to  be  run  in  each  direction  per  day,  pro- 
viding for  a  daily  traffic  each  way  of  i  oo  tons  of  minerals  and 
goods,  and  capable  of  dealing  with  200  tons  in  any  single  day,  in 
addition  to  the  passenger  traffic  : — the  electrical  locomotive  to  be 
capable  of  drawing  a  gross  load  of  18  tons  on  the  up-joumey,  in 
addition  to  the  tare  of  the  car  itself,  and  its  full  complement  of 
passengers,  at  an  average  speed  of  6  miles  per  hour,  and  a  load  of 
1 2  tons  at  an  average  speed  of  9  miles  per  hour. 

The  contract  for  the  construction  of  the  line  was  of  a  rather 
special  character:  the  company  agreed  to  place  the  line  entirely  at 
the  disposal  of  Dr.  Edward  Hopkinson,  to  whom  its  construction 
had  been  entrusted,  for  a  period  of  time,  and  to  purchase  the 
electrical  plant  at  a  fixed  sum,  when  the  above  conditions  had 
been  complied  with,  and  it  had  been  shown  that  the  cost  of 
working  as  evidenced  by  six  months'  trial  did  not  exceed  the 
cost  of  steam  traction  on  a  similar  line. 

The  work  was  commenced  in  November,  1884,  and  the  line 
opened  for  traffic  in  October,  18S5  ;  it  was  formally  taken  over 
by  the  company,  as  having  fulfilled  the  conditions  of  the  contract, 
in  the  following  April.  Since  that  time  it  has  been  in  regular 
daily  operation. 

The  total  length  of  the  line  is  3  miles  2  '4  chains,  the  maximum 
gradient  is  i  in  50,  and  the  average  gradient  is  i  in  86.  The 
gauge  is  3  feet.     For  illustratiops  of  the  way,  see  page  392. 

The  locomotive. equipment  of  the  line  consists  of  two  passenger 
cars,  33  feet  and  2 1  feet  8  inches  long  respectively,  each  provided 
with  a  motor.  The  body  of  the  car  is  carried  on  two  four-wheeled 
bogies,  with  a  wheel-base  of  4  J  feet,  the  motor  being  carried  on  the 
front  bogie  independent  of  the  body  of  the  car  (Fig.  341).    hy  this 

derived  from  Dr.  Edward  Hopkinson's  paper  on  "  Electrical  Tram- 
ways," in  the  Minutes  of  the  Proceedings  of  the  Institution  of 
Civil  Engineers,  vol.  xci.,  1887 — 88. 
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airangenient  the  cars  are 
enabled  to  traverse  the 
55-feet  curves  at  the  ter- 
mini with  great  facility, 
and  also  relieves  the  body 
of  the  car  from  the  vibra- 
tion due  to  the  driving. 
The  body  of  the  longer 
car.  Fig,  341,  is  divided 
intothreecompartnients; 
the  front  one  covers  the 
motor ;  the  second  forms 
a  second-class  compart- 
ment, seating  twenty- 
four  passengers ;  and  the 
third,  a  firsKlass  com- 
partment seating  ten 
passengers,  is  separated 
from  the  second  by  a 
cross  passage.  The  front 
bogie  carrying  the  motor 
has  an  extended  plat- 
form projecting  3  feet 
7  inches  beyond  the 
body  of  the  car,  and 
communicating  by  a 
slide  -  door  with  the 
dynamo  compartment, 
thus  giving  the  driver 
direct  access  to  all  parts 
of  thedriving  machinery, 
which  are  at  the  same 
time  entirely  boxed  off 
from  the  passenger  com- 
partments. All  four 
wheels  are  braked  by  a 
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powerful  screw-brake,  worked  from  the  front  of  the  driving  platform, 
on  which  is  also  fixed  the  switch-board  controlling  the  motor. 
The  wheels  of  the  back  bogie  are  braked  by  a  chain  brake,  worked 
from  the  cross-passage,  and  are  under  the  control  of  the  conductor. 
This  brake  is  also  prepared  for  coupling  to  the  wagons.  The  total 
weight  of  the  car  is  8 ^  tons,  distributed  as  follows  : — 

Car  body 

Leading  bogie 

Trailing      ,,  

Dynamo  bed-plate,  armature,  and  accessories 


Tons. 

3 

Cwt. 

6 

Mrs 

I 

I 

V 

2 

I 

o 

o 

2 

I 

J 

8 

5 

o 

The  shorter  locomotive-car  is  similar,  but  without  the  first-class 
compartments.  There  is  also  a  third  passenger-car  of  the  same 
length  as  the  first,  accommodating  forty-four  passengers,  and 
similarly  carried  on  two  four-wheeled  bogies.  This  car  weighs 
5i^  tons.  The  wagons,  having  flangeless  wheels,  are,  with  the 
way,  described  and  illustrated  in  pages  393  to  397. 

The  generating  machinery  is  fixed  at  Mill  vale,  a  distance  of 
68  chains  from  the  Bessbrook  terminus.  At  this  point,  in  close 
proximity  to  the  line,  there  is  an  available  fall  of  28  feet  in  the 
Camlough  stream,  down  which  there  is  a  guaranteed  minimum 
flow  of  3,000,000  gallons  per  day.  The  turbine  is  an  inward  flow 
vortex  wheel  with  double  buckets,  working  on  a  horizontal  shaft 
extended  into  the  dynamo  shed,  from  which  the  dynamos  are 
driven  direct  with  belts.  The  capacity  of  the  wheel  is  1,504  cubic 
feet  per  minute,  and  when  running  at  290  revolutions  per  minute, 
should  develop  a  maximum  power  of  62  H.P.  It  is  worked 
with  a  tail  draught  of  13  feet.  The  admission  of  water  is  con- 
trolled by  a  shutter-valve,  regulating  the  flow  uniformly  through 
each  bucket  of  the  wheel,  and  actuated  either  by  hand  or  by 
a  centrifugal  governor.  The  latter  is  not  direct-acting,  but  when 
its  balls  rise  or  fall  beyond  certain  limits,  it  couples  one  of  a  pair  of 
right  and  left-hand  bevel-wheels,  driven  by  a  wheel  on  the  governor 
spindle  to  a  small  countershaft  geared  with  the  valve-spindle. 
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There  are  two  generating  dynamos  of  the  Edison-Hopkinson 
t)rpe,  shunt-wound,  for  a  normal  output  of  250  volts,  72  amperes, 
at  a  speed  of  1,000  revolutions  per  minute.  Three  times  that 
amount  may  be  necessary  for  starting  a  heavy  train  on  a  steep 
gradient 

The  resistance  of  the  field  magnets  is  74  ohms,  and  that  of  the 
armature  is  1 2  ohms.  Consequently,  the  electrical  efficiency  with 
the  normal  current  is  92*2  per  cent.,  and  the  commercial  efficiency 
90*4  per  cent. 

The  conductor  is  of  channel-steel,  laid  midway  between  the 
rails,  and  carried  on  wooden  insulators  nailed  to  alternate  sleepers. 
The  electrical  connection  is  made  independently  by  a  strip  of  soft 
copper  of  such  section  that  its  conductivity  is  about  the  same  as 
that  of  the  steel.  It  is  bent  in  a  (J  form  to  allow  for  the  expan- 
sion and  contraction  of  the  channel.  These  strips  are  riveted  in 
the  channel  with  double  copper  rivets,  care  having  been  taken 
that  the  hole  in  the  channel  was  perfectly  free  from  rust  before 
the  riveting.  At  the  several  crossings  of  occupation  roads,  twelve 
in  number,  the  electrical  continuity  of  the  conductor  is  broken  by 
insulating  a  section  of  the  channel,  and  the  current  is  conveyed  by 
a  cable  laid  beneath  the  sleepers.  The  top  of  the  channel  being 
level  with  the  rails,  the  intervening  space  can  be  paved  or  planked, 
thus  making  a  good  roadway  without  interfering  with  the  mechanical 
continuity  of  the  conductor.  As  none  of  these  crossings  exceed 
in  width  the  length  of  the  locomotive  cars,  the  leading  collector 
makes  contact  on  one  side  the  crossing  before  the  back  collector 
breaks  on  the  other.  The  cables  are  of  stranded  copper  wnre, 
consisting  of  37  No.  14  B.W.G. :  ist,  cotton  lapped  and  var- 
nished; 2nd,  heavily  covered  with  pure  rubber;  3rd  and  4th, 
double  served  with  best  rubber  separator ;  5th,  covered  with  pure 
rubber ;  6th  and  7th,  taped  with  double-served  proof  tape,  the 
cable  then  vulcanized  and  made  water-tight ;  8th,  lapped  with 
thick  serving  and  tarred  hemp ;  9th,  braided  over  all  and  heavily 
compounded.  In  constructing  a  conductor  of  iron  or  steel  it  is 
of  the  utmost  importance  to  specify  the  composition .  Steel  may 
be  obtained  with  a  specific  resistance  varying  from  o'ooooi  ohm  to 
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0*00007  ohm,  according  to  the  amount  of  carbon,  silicon,  and  par- 
ticularly manganese.  The  steel  used  in  this  case  was  manufactured 
by  the  Darlington  Steel  and  Iron  Company,  and  specified  not  to 
exceed  in  carbon  0-15  per  cent. ;  silicon,  0*05  per  cent. ;  manga- 
nese, I  '00  per  cent.  The  actual  composition,  according  to  the 
makers'  analysis,  is,  carbon  0.09  per  cent.,  silicon  0*02  per  cent., 
manganese  o'63  per  cent.,  and  the  specific  resistance  0-000012  r 
ohm.  The  weight  per  foot  of  the  conductor  is  4*33  lbs.  (6-46 
kilograms  per  metre),  and  the  section  i'367  square  inch  (8"Si7 
square  centimetres). 

The  insulators,  which  are  of  poplar  wood,  are  5   inches  long. 
These  are  carefully   dried   and   then   impregnated  with   boiling 
parafhn.     A  block  of  dried  poplar  will  absorb  as  much  as  75  per 
cent,  of  its  own  weight  of  parafRn,  which  permeates  through  the 
whole  mass.     These  blocks  have  proved  efficient  insulators,  and 
they  are  apparently  standing  well.   The  actual  measured  insulation 
of  the   conductor,  under  unfavourable  circumstances  as  regards 
weather  and  when  charged  to  a  potential  of  250  volts,  is  about  900 
to  T,ooo  ohms  per  mile,  approximately  the  same  as  the  insulation 
obtained  at  Portrush.     Such  an  insulation  is  sufficient  for  practical 
purposes.     It  represents  a  loss,  through  leakage,  of  J  ampere,  or 
one-tenth  of  a  horse-power  per  mile.    The  actual  measured  leakage 
current  of  the  whole  line  in  wet  weather  amounts  to  nearly  four 
times  the  above  amount,  the  excess  being  probably  due  to  some 
slight  fault  in  the  cables  and   arrangements  at  the  points  and 
crossings. 

The  circuit  is  completed  by  the  rails  of  the  permanent  way, 
which  are  uninsulated.  As  is  the  case  with  the  conductor,  the 
fish-plate  connections  are  not  sufficient,  and  they  are  therefore 
supplemented  by  flexible  copper  strips  riveted  to  the  under  surface 
of  the  rails.  The  specific  resistance  of  the  steel  rails  (Barrow 
Hematite)  is  0*0000166  ohm,  and  hence  the  total  resistance  of 
the  four  rails,  having  an  aggregate  area  of  12*4  square  inches,  is 
0*033  0^*^  per  mile.  The  resistance  of  the  conductor  is  0*221, 
making  the  resistance  of  the  circuit  0*254  ohm  per  mile.  Allowing 
for  the  earth  and  for  some  contact  resistance,  probably  0*25  ohm 
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represents  the  average  resistance  per  mile  (o'i56  ohm  per  kilo- 
metre). The  electrical  connection  of  the  rails  of  the  permanent 
way  is  essential,  since  the  earth  connection  is  of  little  value, 
as  the  rails  are  practically  insulated  by  the  sleepers  and  dry 
ballast. 

Each  locomotive-car  is  fitted  with  an  Edison-Hopkinson 
dynamo-motor.  As  previously  mentioned,  the  motor  is  fixed  on 
the  leading  bogie,  and  is  entirely  independent  of  the  body  of  the 
car.  The  armature  shaft  carries  a  double  helical  toothed  steel  pinion, 
6*05  inches  in  diameter,  gearing  into  a  steel  wheel  21*08  inches 
diameter,  carried  on  a  small  countershaft  running  in  bearings  fixed 
on  the  bed  of  the  motor.  This  shaft  also  carries  a  chain  pinion- 
wheel  of  steel,  8*8  inches  diameter,  on  the  extended  boss  of 
which  the  helical  toothed  wheel  is  keyed.  The  chain  pinion 
drives  with  chain  gear  on  to  a  wheel  21  inches  in  diameter,  keyed 
on  to  the  back  axle  of  the  bogie,  the  wheels  of  which  are  28 
inches  in  diameter.  This  gives  a  ratio  of  gear  of  8*3  to  i ;  hence 
a  speed  of  i  mile  per  hour  corresponds  to  100  revolutions  per 
minute  of  the  dynamo  axle.  To  give  the  necessary  adhesion  the 
axles  are  coupled  with  outside  connecting-rods. 

The  motors  are  series-wound  with  such  a  number  of  convolu- 
tions that  the  magnets  are  nearly  saturated  with  72  amperes, 
which  is  also  the  normal  current  for  the  armature.  The  resistance 
of  the  magnets  is  0*113  ohm,  and  of  the  armature  0*112  ohm; 
hence  if  the  potential  between  the  terminals  be  220  volts,  the 
electrical  efficiency  with  the  normal  current  is  92*6  per  cent., 
and  the  commercial  efficiency  90*7  per  cent.,  the  power  deve- 
loped being  nearly  20  H.P.  In  actual  work  the  power  of  the 
motor  frequently  exceeds  this  amount.  To  transmit  this 
power  with  the  car  running  at,  say,  seven  miles  per  hour, 
the  tension  of  the  chain  would  be  1,430  lbs.,  and  the  speed 
460  feet  per  minute.  At  starting  on  a  gradient  with  the  full 
load  the  tension  may  reach  3,400  lbs.,  and  with  the  car  run- 
ning at  the  maximum  rate,  the  speed  may  reach  1,300  feet  per 
minute. 

A  steel  chain  based  on  the  well-known  tricycle  form  was  em- 
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ployed.     The  tubes  are  keyed  as  well  as  riveted  in  the  ianer 
links,  and  the  pins  in  the  outer  links* 

The  current  is  conveyed  from  the  conductor  by  two  collectors 
fixed  on  the  bogies.  These  form  a  good  rubbing  contact  on  the 
upper  surface  of  the  conductor.  From  them  the  current  passes 
to  the  reversing  and  regulating  switch  fixed  on  the  splash  board 
of  the  leading  bogie.  To  avoid  throwing  the  full  load  suddenly 
on  the  generator  and  motor  dynamos,  a  series  of  resistances  are 
first  thrown  into  circuit  and  cut  out  one  by  one.  After  passing 
through  the  armature  and  magnets,  the  current  returns  through 
the  axle  boxes  and  wheels  to  the  rails. 

The  potential  allowed  by  the  Board  of  Trade  is  300  volts,  but 
the  actual  potential  employed  is  only  250  volts. 

The  trains  are  commonly  composed  of  one  locomotive  car  and 
three  or  four  trucks,  but  frequently  a  second  passenger  car  is 
coupled,  or  the  number  of  trucks  increased  to  six.  Thus  a  gross 
load  of  30  tons  is  constantly  drawn  at  a  speed  of  6  or  7  miles  per 
hour  on  a  gradient  of  i  in  50. 

The  cost  of  the  electrical  equipment  of  the  Bessbrook  and 
Newry  line  is  summarized  as  follows  : — 


Turbine,  pen-trough,  and  driving  gear    . 

Two  generator  dynamos,  measuring  instru- 
ments, and  driving  belts      .... 

Conductor  at  ;^200  per  mile    .... 

Two  locomotive  cars^  including  their  entire 
electrical  equipment 


330 

s. 

0 

d. 
0 

450 
600 

0 
0 

0 
0 

1,120 

0 

0 

;^2,5oo 

0 

0 

The  cost  of  each  of  the  above  items  includes  deUvery  and 
erection. 

The  cost  of  haulage  was  carefully  ascertained  over  a  period  of 
five  months,  from  November  21st,  1885,  to  April  22,  1S86,  and  is 
given  as  follows : — 
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Wages  of  driver  and  attendant  at  generator 

station 32     7     6 

Sundry  repairs 610 

Oil,  grease,  and  waste 5    4  10 

Rental  of  water-power 59  16    o 

Dynamo  brushes,  renewals  of  driving  chain 

and  commutators 14  11     6 
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Train  mileage,  8,652 

Hence  cost  per  train  mile,  3*3d. 


For  the  six  months  ending  June  30th,  1887,  during  which 
period  there  had  been  a  goods  traffic  of  8,000  tons  over  the  line, 
a  much  larger  amount  than  in  the  period  referred  to  above,  the 
cost  per  train-mile  was  something  greater,  as  follows  : — 


Wages 

Sundry  repairs  and  alterations,  including  the 
cost  of  changing  the  winding  of  four  arma- 
tures of  the  dynamos 

Oil,  grease,  and  waste 

Rental  of  water  power 

Dynamo  brushes  and  sundry  renewals 


£ 

s. 

cL 

50 

18 

0 

34 

14 

3 

10 

0 

0 

71 

15 

0 

12 

5 

10 

;^i79  13     I 


Train  mileage,  10,276. 

Hence  cost  per  train  mile,  4*2d. 


The  above  amounts  do  not  include  anything  for  depreciation 
or  for*generaI  supervision. 

Subjoined  are  tables  showing  distribution  of  the  power  em- 
ployed ; — 
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Distribution  of  Power. 
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Total  water  power      .... 

^39 

,,      electrical  power  developed  by 

generator     i8i 

10-86 

4*71 

Net  power  of  motor 

.       I2'6 

7-82 

3-62 

Loss  in  g^enerator      .... 
,,     in  line  resistance 

.  ;    1-68 

0-88 

0-40 

1-82 

0*65 

0*14 

,,     leakage 

.  '    071 

052 

o*39 

„     motor 

.  .    2-07  1 

O-QO 

0-165 

Sum  of  electrical  losses     . 

.  J    6-31  . 

2*95 

i-io 

Distribution  of  Power. 


Gross  load    .... 

Mean  speed  in  miles  per  hour 

Total  energy  of  water  in  foot 
lbs 

Total  electrical  energy  de- 
veloped by  generator  in 
foot  lbs 

Net  mechanical  energy  de- 
veloped by  motor  in  foot  lbs. 

Sum  of  electrical  losses  in  ) 
foot  lbs ) 

Loss  in  generator  in  foot  lbs. 
„       leakage            „ 
,,       resistance  in  line  of] 
foot  lbs j 

Loss  in  motor  in  foot  lbs. 

Total    work    done    against ) 
gravity       .        .         .        .  ) 

Total  work  done  against 
friction       .... 

^lean  tractive  force  exclu- 
sive of  gravity  in  lbs.  per  ton 


First  journey. 

Tns.  Cts.  Qrs. 
28      12     3 

57 
60,291,000 


Second 
journey. 


Tns.  Ct*.  Qrs. 

21       18      O 

7-2 

40,860,600 


35,871,000   '  21,516,000 


Third  joamey. 


24,928,200 
12,493,800 

3»343»ooo 

1,420,300 
3,613,500 

4,098,600 
11,867,400 

13,060,860 

28-9 


I  i5»493.500 

5,841.000 

i»735.8oo 
■    1,029,600 

1,296,900 

1,791,900 

7,356,800 

8,136,700 

27-4 


Tns.  Cts.  Qrs- 
8     16     O 

ii'3 
27,522,000 

9.332,400 

7,170,900 
2,174.700 

801,900  I 
77S>500  ' 
287,100 

326,700 

2,858,300 

4.312,600 
37'^ 
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Percentages. 


First  journey. 


Water  power    . 
Generator  power 
Net  motor  power 
Loss  in  generator 

leakage    . 

line  resistance 
»,    motor 


»» 


»» 


Of  the 

water 
power. 


100*0 

59-5 

41*3 

5'5 

2*3 

6*0 
6*8 


Of  total 

power  of 

generator. 


100*0 
69*4 

9'3 
3'9 

10*6 
11*4 


Second  journey. 

ITiird 

journey. 

or  the 

water 

power. 

Of  total 

power  of 

generator. 

Of  the 

water 

power. 

Of  total 

power  of 

generator. 

100*0 

100*0 

i 

52*6 

37*9 
4*2 

100*0 

72*0 

8*0 

33*9 
26*1 

100*0 

76*8 

8*6 

2-5 

6*0 

8-3 

3'2 

1*0 

3-1 

4-4 

8-3 

1*2 

35 

The  line  has  been  regularly  worked  since  October,  1885.    The 
following  table  shows  the  traffic  on  the  line  in  successive  years : — 


1886 
1887 
1888 
1889 
1890 
1891 


Total 


Tonnage. 


12,238. 

13*464 
14,928 

i7»055 
16,173 
15.852 


89,710 


Mileage. 


19*872 
19,212 
20,376 
20,424 
20,478 
21,468 


121,830 


Passengers. 


97*636 
81,275 

85,450 

85,978 

92,447 
94,165 


536.951 


The  cost  of  haulage  for  the  year  1891  was  as  follows  : — 

£        8. 

Wages  (drivers,  guards,  and  dynamo  engineer)       .        .     123  12 

Maintenance  and  repairs  of  electrical  machinery — materials    60    6 

„  „  „  wages     .      23  18 

Oil,  grease,  and  waste 96 

Water  rent 128  11 


Total 

Train  mileage,  23,468. 
Hence  cost  per  train  mile,  3'94d. 

P  P 


d. 

6 

4 

9 
2 

o 


•    £ZM  14    9 


^ 


CHAPTER  III. 

ELECTRICAL    TRAMWAYS:    BIRMINGHAM  ; 
BLACKPOOL  ;  GUERNSEY. 

Birmingham  Central  Tramways. — Electrical  Section. 

The  Bristol  Road  Section  of  the  Birmingham  system,  three  miles 
long,  was  opened  in  1890.  It  is  worked  electrically  on  the  accu- 
mulator principle.  The  ruling  gradients  are  i  in  28  and  i  in  32. 
The  rails  are  of  steel,  girder  section,  6  inches  high,  with  a  7-iDch 
flange  base,  fish-jointed,  and  weighing  92  lbs.  per  yard.  They  are 
laid  on  a  6-inch  bed  of  concrete. 

The  cars,  which  resemble  the  double-bogie  car  already  described 
(Plate  III.,  page  372),  are  6^  feet  wide,  26^  feet  long,  to  carry 
24  inside  and  26  outside  passengers.  The  two  bogie-trucks  are 
about  1 5  feet  apart  between  centres.  The  cells  of  the  batteries 
are  carried  in  trays  underneath  the  seats — sue  trays  on  each  side 
of  the  car,  holding  eight  cells — 96  in  all. 


Blackpool  Electric  Tramway. 

The  Blackpool  tramway  is  2  miles  in  length,  and  occupies  the 
length  of  the  Esplanade.  During  the  season  eight  cars  are  con- 
stantly at  work,  seating  on  an  average  45  passengers. 

The  electricity  is  generated  at  a  central  station,  and  is  conveyed 
to  the  cars  by  means  of  an  underground  channel  or  "  tube  "  in 
the  centre  of  the  track,  having  a  narrow  slit  or  opening  for 
communication  between  the  electric  motor  on  the  car  and  electric 
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conductors  within  the  channel.  The  channel  is  formed  strong 
enough  to  support  the  ordinary  traffic  of  the  road,  and  so  as  to  be 
easily  flushed  and  cleansed.  Its  surface  consists  of  steel  trough- 
ing  filled  with  wooden  paving  blocks,  and  forms  a  good  roadway. 
The  sides  of  the  channel  are  partially  formed  of  creosoted  wood, 
holding  porcelain  insulators  which  carry  electric  conductors  of 
special  drawn  copper  so  formed  that  they  can  be  readily  and 
securely  fixed,  and  the  lengths  secured  by  expansion  joints. 

Two  conductors  are  supplied,  first,  that  they  may  be  hidden 
in  the  tube  under  either  side,  and  so  be  protected  from  injury 
by  any  substance  falling  through  the  slit  channel ;  and,  secondly, 
to  make  it  possible  to  deal  with  points,  loops,  and  crossings. 
Only  the  positive  electricity  passes  along  these  conductors ;  the 
return  is  made  by  means  of  the  rails,  which  are  electrically 
connected  one  with  the  other. 

Communication  is  made  with  the  cars  by  means  of  a  collector 
which  runs  upon  the  copper  conductors  within  the  channel.  Insu- 
lated copper  bands,  protected  by  steel  plates,  pass  through  the  slit 
or  opening  in  the  surface  of  the  road,  and  by  a  flexible  insulated 
cord  attached  to  an  electrical  terminal  underneath  the  car,  so  that 
when  the  car  moves  the  collector  is  drawn  along  with  sufficient 
force  to  clear  away  any  ordinary  obstruction.  But  should  an 
absolute  block  occur,  then  a  special  clip  releases  the  collector,  and 
a  breakage  is  avoided. 

From  the  terminal  underneath  the  car  the  current  passes  to  the 
switch-box,  where  the  quantity  and  direction  of  the  electricity  to 
and  within  the  motor  is  regulated,  and  thereby  the  speed  and 
direction  of  the  car  is  controlled. 

Switch-boxes  are  placed  at  each  end  of  the  car,  and  are  provided 
with  removable  handles,  without  which  it  is  impossible  to  operate 
them.  The  driver,  who  has  charge  of  these  handles,  can  cause 
the  car  to  move  backwards  or  forwards  at  will.  From  the  switches 
the  current  goes  to  the  motor  and  there  produces  mechanical 
energy.  The  motor  runs  at  a  high  speed,  and  a  combination  of 
spur  and  chain  gear  is  employed  to  communicate  the  power  to  the 
wheels  and  drive  the  car.     The  gear  is  specially  designed  to  run 

p  p  2 


\ 


580  ELECTRIC  TRACTION. 

smoothly  and  silently.  From  the  motor  the  current  passes  by  way 
of  adjustable  dips  to  the  axles,  and  by  them  through  the  wheels  to 
the  rails  and  back  to  the  station  where  the  electricity  is  generated. 

The  engines  and  dynamos  are  in  duplicate,  and  so  made  that 
they  produce  just  the  amount  of  electric  eneigy  required,  so  that, 
if  no  car  be  running,  no  work  is  expended ;  if  one  car  runs,  just 
enough  energy  to  drive  one,  and  no  more ;  if  ten  cars,  sufficient 
for  them,  and  so  on  up  to  the  full  capacity  of  the  machines,  which 
are  constructed  to  the  requirements  of  the  line. 

The  generators  fixed  at  the  engine-shed  are  capable  of  driving 
ten  loaded  cars — sufficient  to  carry  400  passengers. 

The  capacity  for  carrying  exceptional  traffic  with  a  very  small 
increase  in  the  working  expenses  is  exemplified  as  follows : — 

The  number  of  passengers  carried  during  a  week  of  six  days  in 

the  winter  was  2,393  ^^  ^  ^^st,  for  fuel  and  wages,  under  £2^ 

'^\^  '     During  the  week  ending  September  4th,  1886,  which  was  in  the 

height  of  the  season,  the  number  of  passengers  carried  was  44,306, 

while  the  cost  of  wages  and  fuel  was  only  £^s 


Guernsey  Electric  Tramway. 

This  line  of  tramway  consists  of  three  miles  of  single  way  with 
turnouts,  following  the  coast  line  between  St.  Peter's  Port  and 
St.  Sampson's.  It  was  originally  worked  by  steam  locomotive 
power,  but  this  service  proved  to  be  irregular  and  unsatisfactory 
— working  over  constantly  recurring  curves  and  inclines,  and  stop- 
ping to  suit  passengers — and  it  was  susperseded  about  two  years 
ago  (1892)  by  electric  power,  with  overhead  conductors,  for  which 
the  entire  equipment  was  supplied  by  Siemens  Brothers  &  Co. 

The  generating  plant  consists  of  two  compound  steam-engines, 
each  of  25  nominal  horse-power,  and  two  locomotive  boilers. 
Each  engine  is  fitted  with  a  Worthington  pump,   a  Friedman 
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injector,  and  a  feedwater  heater.  The  first  cylinder  of  each  engine 
is  10  inches,  and  the  second  cylinder  16  inches,  in  diameter,  with 
a  common  stroke  of  18  inches,  making  120  turns  per  minute.  The 
flywheel  is  8  feet  in  diameter,  and  weighs  42^  cwt.  The  working 
pressure  is  140  lbs.  per  square  inch.  The  first  cylinders  are  fitted 
with  Hartneirs  expansion  gear.  With  this  gear  the  speed  is  nearly 
constant :  within  5  per  c^nt. 

A  Siemens  compound-wound  central  station  dynamo,  capable 
of  giving  100  amperes  at  a  pressure  of  500  volts,  is  belt-driven 
by  each  engine,  at  a  speed  of  350  revolutions  per  minute.  A 
Schaffer  and  Budenberg  tacheometer  can  be  connected  at  will  to 
either  dynamo.  A  single  engine  and  dynamo  suffice  for  ordinary 
traffic.  The  sets  work  alternate  fortnights.  The  average  daily 
run  is  \i\  hours  without  stop.  An  ingenious  arrangement  of 
switchboard  permits  the  reserve  dynamo  to  be  thrown  in  at  any 
time,  and  the  load  to  be  halved  between  the  two  machines,  with- 
out interruption  of  running. 

The  station  buildings  are  of  stone  and  corrugated  iron,  the 
power-house,  workshop,  car,  and  coal-shed  being  conveniently 
connected  together.  Three  tracks  run  into  the  car-shed,  and  each 
has  a  pit  46  inches  by  54  inches  for  its  entire  length,  affording  easy 
access  to  the  driving  mechanism  and  running  gear.  All  repairs 
are  made  at  the  station.  A  separate  plant  is  to  be  put  in  for 
lighting  the  buildings  electrically. 

The  working  stock  consists  of  seven  motorcars  and  two  trailers. 
Four  of  the  motor  cars  have  bogie  trucks  and  double  motors  in 
series,  and  they  seat  68  persons  each.  The  three  others  have 
ordinary  4-wheel  gear  and  single  motors,  seating  52  each.  Each 
motor  is  of  7  nominal  horse-power.  With  the  exception  of  the 
motors  employed  on  the  two  bogie  cars  last  built,  the  motors  are 
of  the  Siemens  double  magnetic  circuit  type,  and  are  furnished 
with  single  reduction  gearing.  The  pinion  is  of  phosphor  bronze, 
and  the  split  wheel  on  the  car  axle  of  cast-steel.  The  motor  casing 
is  of  wood,  metal  lined.  The  two  newest  cars  have  a  simple 
magnetic  field  type  of  motor,  and  chains  have  been  abandoned 
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in  favour  of  single  reduction  spur  gear.  The  pinion  in  this  case 
is  cut  out  of  a  single  block  of  steel,  and  carefully  polished, 
the  spur-wheel  being  cast  in  halves  and  bolted  together  on  the  car 
axle.  This  gear  runs  much  more  quietly  and  with  less  wear  and 
tear  than  the  chain  gearing.  Armature  and  gearing  are  enclosed 
in  a  cast  brass  casing,  which  serves  as  an  oil  bath  for  the  gear, 
and  protects  the  armature  from  dust  and  wet  All  armatures  are 
of  the  drum  type.  The  speed  is  regulated  by  the  introduction  of 
artificial  resistances  of  iron  wire,  carried  beneath  the  car  flooring. 
The  motors  are  supported  on  rubber  cushions.  The  brushes  are 
of  copper  gauze,  and  a  set  lasts  from  three  to  four  weeks. 

Connection  between  the  overhead  conductor  and  the  car  is 
made  in  the  ordinary  way  by  a  trolley  pole  and  wheel.  The  only 
peculiarity  is  that  the  trolley  head  is  connected  to  the  hollow 
steel  pole  by  means  of  a  piece  of  ash,  being  thus  insulated  from 
the  pole  and  its  base.  The  insulated  cable,  carrying  the  current 
to  the  motors,  passes  through  the  tubular  pole.  The  trolley  itself 
pivots  on  a  socket-head  furnished  with  ball  bearings,  and  the 
upright  supporting  these  bearings  is  screwed  into  a  cast-iron 
bracket  bolted  to  the  side  and  top  of  the  car.  The  usual  upward 
pressure  of  the  trolley  against  the  wire  is  about  26  lbs. 

The  trolley  wire  along  the  line  is  supported  about  2  feet  outside 
the  track  by  light  bracket  arm  poles.  The  position  of  these  poles 
having  been  fixed  by  the  "  States  "  of  Guernsey  to  correspond 
with  those  formerly  occupied  by  lamp-posts,  the  brackets  are  of 
varying  lengths.  At  curves,  "puU-oflF"  poles  and  cross  suspension 
wires  are  employed.  According  to  length  of  span  and  strain, 
three  different  sizes  of  poles  are  used.  All  are  of  the  Siemens 
telegraph  style,  consisting  of  a  cast-iron  base,  into  which  is  fixed 
a  tubular,  conical  wrought-iron  pole.  The  trolley  wire  itself  is  of 
9-millimetre  hard-drawn  copper.  The  spans  vary  between  40 
and  48  yards.  The  whole  overhead  construction  is  very  light 
and  inconspicuous. 

The  permanent  way  is  very  old,  and  is  about  (March,  1894)  to 
be  replaced.     The  metals  are  partly  Vignoles  and  partly  old-style 
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grooved  tramway  rail.  Where  tram  rails  are  used,  the  return 
circuit  is  secured  by  means  of  lengths  of  4-millimetre  copper 
wire,  fixed  to  the  metals  by  channel  pins,  and  attached  to  a 
bare  copper  return  wire,  9  millimetres  in  diameter,  laid  between 
the  rails.  The  Vignoles  rails  are  connected  by  means  of  an  iron 
strip  riveted  to  the  bottom  flange  of  each  rail,  and  electrically 
welded  to  it  With  these  rails  no  return  wire  is  used.  The  weight 
of  rail  is  uniformly  41^  lbs.  per  yard. 

For  the  three  months  ending  December  31,  1893,  the  following 
information  is  given : — 


Average  number  of  cars  running  . 
„        daily  mileage  per  car 

speed  per  hour  in  miles  . 

pounds  of  coal  consumed  per  car-mile 

number  of  passengers  per  car-mile 


5 
70 

7*2 

8 
7 


>j  »>  >>  >» 


holidays      13 


Costs  ^er  car -mile,  d. 

Salaries 0'652 

Wages  and  repairs  in  power-house                 .        .  0-636 
Wages  of  drivers  and  conductors   .        .        .        .  I"7i6 
Workshop  repairs  and  car-cleaning        .        .        .  1*243 
Maintenance  of  permanent  way  and  electrical  con- 
ductors       0*312 

Coal 0747 

Oil  and  sundries  in  power-house      ....  0*234 

,,               ,,       repair  shop  and  car-shed         .  0*181 

Printing  and  stationery 0.070 

Total  per  c^r-mile  5 .79 1 

Coal  and  other  stores  are  expensive  on  account  of  freights. 
The  cost  of  running,  strictly  speaking,  viz. — coal,  oil,  waste,  &c., 
wages  of  engine  and  car  drivers,  conductors,  car  cleaners,  and 

everything  directly  connected  with  car  ser\'ice — does  not  exceed 
4d.  per  car-mile. 
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A  four-mile  extension  of  the  road  to  Cobo,  and  a  branch  line 
to  Bordeaux  Harbour,  are  now  contemplated.  Large  granite 
quarries  are  situated  at  these  points,  and  it  is  proposed  to  nin  a 
regular  freight  service,  as  well  as  passenger  cars,  to  bring  the  stone 
from  quarry  to  ship  by  the  electric  line.* 

*  The  matter  of  this  notice  is  derived  from  a  paper  by  Mr.  Philip 
Dawson,  C.E.,  in  Engineering  oiVi2sc\i  30,  1894. 


CHAPTER  IV. 
CITY  AND  SOUTH  LONDON  RAIL  WAY* 

This  railway,  worked  by  electricity,  was  opened  for  public  traffic 
in  December,  1891.  The  line  consists  of  two  independent  tun- 
nels Ibrmed  of  cast-iron  rings.  The  sleepers  are  transverse,  resting 
directly  upon  these  rings,  and  the  rails  are  spiked  thereto,  and 
leave  a  minimum  headway  of  9  feet  from  the  rail-level  to  the 
highest  point  of  the  tunnel.  Fig.  342  shows  a  section  of  the  tunnel 
and  the  space  available.  Where  the  line  passes  under  the  Thames, 
between  Great  Dover  Street  and  King  William  Street,  there  is  on 
the  up  line  a  down-gradient  of  i  in  30  for  a  distance  of  264  feet, 
and  an  up-gradient  of  i  in  30  for  462  feet ;  and  on  the  down  line 
a  down-gradient,  with  the  traffic,  of  i  in  14,  followed  by  an  up-gra- 
dient of  I  in  30.  At  other  points  of  the  line  the  gradients  are  not 
severe,  the  principal  being  an  up-gradient  of  i  in  100  approaching 
Stockwell  Station.  The  total  length  of  the  line  is  3  miles  270 
yards.     There  are  four  intermediate  stations. 

The  generator  station  is  situated  at  Stockwell,  at  a  distance  of 
about  500  feet  from  that  terminus.  There  are  eight  boilers  of  Lanca- 
shire type,  each  28  feet  long  and  7  feet  in  diameter,  fitted  with 
Vicars'  automatic  stokers.  The  boiler-floor  is  1 2  feet  6  inches  below 
the  ground  level  (Fig.  343),  and  the  boiler-house  is  roofed  over, 

•  The  materials  for  this  and  the  succeeding  notices  have  been 
derived  from  Dr.  Edward  Hopkinson's  paper  on  *'  Electrical  Rail- 
ways,*' in  vol.  cxii.,  and  Mr.  Sheibner's  paper  on  the  **  Florence  and 
Fiesole  Electric  Railway,"  in  vol.  cvi.,  of  the  Minutes  of  Proceed- 
ings  of  the  Institution  of  Civil  Engineers, 
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except  immediately  above  the  stokehole,  so  as  to  provide  room 
for  a  fuel  store.  By  this  airangemeot  the  fuel  can  be  shovelled 
direct  into  the  hoppers  of  the  stokers.  The  pressure  2X.  the 
boilers  is  14a  lbs.  per  square  inch.  In  addition  to  providing 
steam  for  the  electri&generating  engines,  the  boilers  arc  required 
for  produciDg  steam  for  the  powerful  hydraulic  plant,  and  the 
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Tramvetge  SectioD  of  Taimcl. 


auxiliary  engines  of  the  repairing  shop,  the  compressed-air  pumps, 
and  the  hauling  engine  for  drawing  ilic  locomotives  and  cairiages 
up  the  inclined  way  connecting  the  Stockwell  Terminus  with 
the  depot.  The  boilers  are  set  on  Livet's  principle  of  expand- 
ing flues,  and  are  arranged  in  two  groups  of  four,  with  indepen- 
dent flues  and  chimneys.  The  steam-pipes  from  the  two  groups 
are  arranged  so  that  either  or  both  can  be  connected  to  the  main 
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pipes  crossing  beneath  the  yard  to  the  engine-house,  otherwise 
there  is  no  duplication  of  the  steam-pipe  system.  The  exhaust 
steam  from  all  the  engines  passes  by  a  single  pipe  through  the 
water  heaters  to  the  chimney.  As  there  is  no  water  available  for 
condensing  purposes,  all  the  engines  are  non-condensing;  steam 
power,  therefore,  is  not  produced  under  the  most  economical 
conditions. 

The  re  were  originally  three  engines,  each  of  them  driving  one 
generating  d}'namo  ;  but  the  Company  has  since  added  a  foarlii 
similar  engine  and  dynamo  in  view  of  the  exten  sion  of  the  line  to 
Clapham,  and  to  meet  the  requirements  of  the  Board  of  Trade  as 
to  reserve  power.     The  engines  are  of  the  vertical  compound 


Fig.  343. — City  and  South  London  Railway :  Boiler-house  and  Engine-house 

at  Generator  Station. 


open  type;  the  cylinders  are  side  by  side,  17  inches  and  27  inches 
in  diameter  respectively,  and  27  inches  stroke.  The  fly-wheels 
are  14  feet  in  diameter  and  carried  between  the  cranks,  which 
are  of  disc  form.  Both  cylinders  are  steam-jacketed  in  the 
barrels,  with  high-pressure  steam,  and  are  fitted  with  slide-valves, 
with  cut-ofif  valves  on  both  cylinders,  controlled  by  the  governors. 
The  engines  run  at  one  hundred  revolutions  per  minute.  They  are 
each  capable  of  indicating  400  H.P.,  and  drive  the  dynamos  with 
link-leather  belts,  which  are  provided  with  jockey  pulleys  to  allow 
of  the  distance  between  the  engine  and  the  dynamo  centres  being 
reduced  without  unduly  diminishing  the  area  of  contact  on  the 
driven  pulleys. 
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The  generating  dynamos  are  of  the  Edison-Hopkinson  t3rpe, 
with  bar  armatures  19!  inches  in  diameter.  The  field-magnet 
coib  are  wound  with  both  shunt  and  series  coils,  but  the  latter 
can  be  half  short-circuited,  or  entirely  so,  at  will,  by  means  of 
switches  fixed  on  the  dynamo.  Each  dynamo  is  capable  of  giving 
an  output  of  450  amperes  at  500  volts,  running  at  a  speed  of  500 
revolutions  per  minute.  The  following  are  the  electrical  con- 
stants of  the  machines  :  Resistance  of  armature,  0*017  ohms  ;  of 
shunt  coils,  96*0  ohms;  of  series  coils,  0*015  ohms. 

The  electrical  efficiency  at  full  speed  is  96  per  cent.,  and 
the  weight  of  the  armature  is  37  cwt.  The  weight  of  the  entire 
machine  is  17  tons. 

Careful  independent  experiments  were  made  upon  the  efficiency 
of  conversion,  which  showed  that  the  frictional  losses  amounted 
to  27  per  cent  of  the  full  load.  Hence  the  commercial  full-load 
efficiency  is  93*4  per  cent. 

The  switch-board  is  arranged  so  that  any  of  the  four  generators 
can  be  coupled  to  any  of  the  four  feeders,  either  independently  or 
in  parallel,  and  that  any  fresh  combination  can  be  instantly 
effected  without  interruption  of  the  working.  The  electromotive 
force  of  each  dynamo  is  measured  by  a  Kelvin  electrostatic  mul- 
ticellular voltmeter,  and  the  current  passing  through  each  feeder 
is  measured  by  an  ampere-meter.  The  leakage  of  any  part  of  the 
entire  system  of  conductors,  when  subjected  to  the  full  potential, 
can  be  measured  by  a  special  low  range  ampere-meter.  The 
feeders  are  provided  with  fusible  cut-outs  and  quick-acting  safety 
switches,  which  automatically  throw  a  resistance  into  circuit  if  the 
current  exceeds  a  certain  amount ;  the  object  being  to  prevent 
injury  if  an  accidental  short  circuit  should  take  place  on  any  part 
of  the  system. 

From  the  switch-board  there  are  four  feeders,  two  of  which  are 
connected  to  the  working  conductors  at  Great  Dover  Street 
station,  a  distance  of  12,800  feet  from  the  generating  station.  The 
other  two  are  coupled  in  parallel  as  far  as  Stockwell,  and  one  is 
cor.tinued  to  the  Oval,  where  it  is  connected  to  the  working  con- 
ductors at  a  distance  of  4,330  feet  from  the  generator  station. 
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The  cables,  which  were  manufactured  by  the  Fowler- Waring 
Company,  consist  of  a  standard  core  of  61 — 14  B.W.G.,  insu- 
lated and  sheathed  with  lead,  and  have  an  insulation  resistance 
of  not  less  than  500  megohms  per  mile.  They  are  carried  along 
the  tunnels  supported  on  the  brackets  carrying  the  hydraulic  pipes. 

The  working  conductor  is  similar  to  that  adopted  for  the  Bess- 
brook  and  Newry  Tramway,  and  consists  of  channel  steel  laid 
between  the  rails,  and  carried  on  glass  insulators  fixed  to  alternate 
sleepers.  The  channel  weighs  10  lbs.  per  lineal  yard,  and  was 
rolled  from  mild  ductile  steel  of  special  composition.  The  suitable 
proportions  of  carbon,  silicon,  and  manganese  for  steel  conductors 
have  already  been  discussed.  By  eliminating  the  silicon  and  slightly 
diminishing  the  carbon,  a  steel  was  obtained  having  a  specific 
resistance  as  low  as  0*0000105  ohm  at  24°  Centigrade,  although 
the  amount  of  manganese  allowed  was  somewhat  increased. 
This  corresponds  to  a  resistance  of  0*0503  ohm  per  1,000  feet. 

It  will  be  observed  that  the  level  of  the  conductor  is  i  inch  be- 
low that  of  the  rail-level.  This,  of  course,  necessitates  arrange- 
ments for  the  lifting  of  the  collectors  over  the  crossing-rail  at 
points.  The  conductor  is  broken  on  either  side  the  crossing-rail, 
and  replaced  by  inclined  planes  of  wood,  up  which  the  collectors 
slide  till  raised  to  a  level  of  i  inch  above  the  crossing-rail,  which 
passes  through  a  gap  left  in  the  wooden  runners.  The  collectors 
cross  the  gap  at  an  angle,  and  are  wide  enough  to  bridge  it.  As 
each  locomotive  is  provided  with  three  collectors,  the  continuity 
of  the  circuit  is  never  broken,  as  the  leading  collector  makes  con* 
tact  with  the  steel  conductor  in  advance  of  the  break  before  the 
trailing  collector  leaves  the  conductor  behind  the  break.  The 
conductor  is  also  divided  into  sections,  and  arranged  so  that  any 
section  can  be  coupled  through  automatic  cut-outs  to  the  adjacent 
sections,  or  independently  to  the  feeders.  Thus  any  section  can 
be  isolated  for  the  purpose  of  testing  or  repairs,  and  is  automati- 
cally disconnected  in  case  of  any  accident  causing  a  short  circuit 
to  earth.  The  return  circuit  is  through  the  rails,  which  are  prac- 
tically uninsulated.  In  such  a  system  high  insulation  from  the 
earth  is  neither  aimed  at  nor  required,  provided  the  power  lost  in 
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leakage  is  inconsiderable.  The  actual  leakage  on  the  entire 
system,  consisting  of  dynamos,  feeders,  and  working  conductors, 
tested  at  500  volts  pressure,  is  generally  about  ^  ampere,  corre- 
sponding with  a  loss  of  o'  3  H.P.,  and  it  rarely  exceeds  one  ampere 
under  the  most  unfavourable  atmospheric  conditions. 

The  essential  feature  in  the  design  of  the  locomotives.  Figs. 
344  and  345,  is,  that  the  armatures  of  the  motors  are  built 
directly  upon  the  axles,  while  the  magnets  are  supported  partly 


^4^d 


Fio.  344. — City  and  Soulh  Loodoii  Railway :  Locomotive.     Shaving  Motors. 


on  the  axle  and  partly  on  the  frame.  Thus  gearing  is  entirely 
obviated,  and  the  mechanism  is  reduced  to  the  simplest  elements. 
Although  this  principle  of  direct  driving  was  suggested  many 
years  ago  by  the  late  Sir  William  Siemens,  it  has  not  previously 
been  applied  in  practice.  The  field-magnets  embrace  the  arma- 
ture, leaving  but  an  exceedingly  narrow  "gap,"  and  are  sup- 
ported in  part  by  brackets  parallel  to  the  axle  with  bearings 
upon  it,  and  partly  by  links  connecting  the  yoke  to  a  cross- 
beam of  the  locomotive  frame,  thus  permitting  limited  freedom 
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of  angular  motion  of  the  field  round  the  axle,  and  compensating 
for  the  rise  and  fall  of  the  axle-boxes  in  the  horn-blocks.  The 
weight  of  one  axle  with  its  wheel,  axle-boxes,  and  springs,  and 
with  the  armature  attached,  is  24  cwts.,  and  the  part  of  the  weight 
of  the  magnets  resting  on  the  axle  is  10  cwts.,  whence  the  total 
dead  weight  on  each  axle  is  34  cwts. 

The  two  motors  on  each  locomotive  on  the  South  London  line 


Fio.  345.   City  and  South  London  Railway  :  Locomotive.   Perspective  view. 


are  each  capable  of  developing  50  H.P.  at  a  speed  of  25  miles 
per  hour,  corresponding  to  310  revolutions  of  the  axle  per  minute. 
The  magnets  are  of  the  "  Edison-Hopkinson"  form  and  series- 
wound  ;  and  the  armatures  are  of  the  Gramme-ring  type.  The 
resistance  of  the  magnet  coils  of  each  motor  is  0*087  o^™>  ^^^  ^^ 
the  armature  0*3  ohm.  The  two  motors  are  connected  electri- 
cally in  series.  The  current  from  the  conductor  is  conveyed  from 
sliding  collectors  through  a  fusible  cut-out  and  main  switch  to 
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a  rheostat  switch  for  inserting  resistance  at  starting ;  thence  it 
passes  through   a  reversing  switch   to   the  motors,   and   finally 
through  the  axle-boxes  and  wheels  to  the  rails  of  the  permanent- 
way.      The   motor-magnets  are  proportioned  relatively  to  the 
armature,  precisely  as  in  a  dynamo,  and  are  wound  so  as  to  be 
nearly  saturated  with   the  mean   working  current     Above  this 
point  the  curve  of  tractive  force  and  current  is  approximately  a 
straight  line,  giving  a  tractive  force  of  i,i8o  lbs.  with  loo  amperes, 
and  a  maximum  of  3,000  lbs.  with  226  amperes.     The  trains  are 
fitted  with  the  Westinghouse  continuous  automatic  brake,  applied, 
however,  in  a  novel  manner  suggested  by  Mr.  Greathead.     In 
place  of  a  pump  working  continuously  on  the  locomotive,  the 
latter  is  provided  with  two  reservoirs  placed  under  the  curved 
side-plates  of  the  cab,  each  of  about  8*25  cubic  feet  capacity.     At 
the  end  of  each  double  journey  these  are  charged  with  air  at 
80  lbs.  pressure,  from  a  small  reservoir  erected  at  Stockwell,  the 
pressure  in  which  is  maintained  by  two  small  pumps  in  the  engine- 
house.  The  reservoirs  on  the  locomotives  are  of  sufficient  capacit)* 
to  provide  for  about  thirty  stops  from  full  speed.     This  system 
has  proved  both  convenient  in  practice  and  economical,  the  total 
amount  of  steam  required  for  the  brakes  being  about  1*5  per 
cent,  of  the  entire  consumption.    In  addition  to  the  Westinghouse 
brake,  a  powerful  hand-screw  brake  is  fitted  on  each  locomotive. 
The  locomotives  and  carriages  are  lighted  with  glow-lamps  sup- 
plied  direct  from   the   conductor,  an   arrangement  which   has 
the  merits  of  simplicity  and  cheapness,  but  is  open  to  the  ob- 
jection that  the  light  is  necessarily  subject  to  some  fluctuation, 
owing  to  the  variations  of  the  electromotive  force  of  the  con- 
ductor. 

The  following  are  the  leading  dimensions  of  the  locomotives : — 

Ft.    Ins. 

Length  over  central  buffers      .                        .  14    o 

,,         ,,     cab          ,,                    .        .  10    o 

Wheel  base 60 

Diameter  of  wheels 2    ^ 
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Ft.  loa. 

Gauge 4    84 

Extreme  width  of  cab 63 

Height^  rail  level  to  floor  plate         ...  2    5^ 

,,       floor  plate  to  roof       ....  bo 

Weight  of  entire  locomotive,  10  tons  7  cwt. 

motors  only,  with  wheels  and  axles,  6  tons. 


»»       »> 


Of  the  fourteen  locomotives  first  supplied  thirteen  are  of  the 
direct-acting  type,  and  one  is  a  geared  locomotive.  Since  the 
opening  of  the  line  two  additional  locomotives  have  been  furnished 
by  Messrs.  Siemens  Brothers.  In  these  the  general  feature  of  the 
design  described  have  been  followed,  but  the  armatures  are  of 
"  drum"  in  place  of  Gramme  type. 

The  eflliciency  of  the  system  is  considered  in  three  stages : — the 
production  of  electric  power;  the  distribution  of  electric  power; 
and  the  reconversion  of  electrical  into  mechanical  power. 

(i.)  The  daily  consumption  of  water  for  all  power  purposes  is 
about  330,000  pounds,  evaporated  by  21  tons  of  North-country 
slack,  or  7  pounds  per  pound  of  fuel.  From  60  to  67  per  cent,  of 
the  total  steam  produced  is  absorbed  by  the  electric  generating 
engines,  consuming  about  14  tons  of  coal  per  day.  The  average 
"  load "  on  each  engine  is  approximately  "  230  horse- power," 
represented  by  27*5  pounds  of  water  per  H.P.  per  hour. 

The  efficiency  of  the  engines  and  dynamos  combined  was  ascer- 
tained by  indicating  the  engines  and  measuring  the  electrical 
output  at  the  terminals  of  the  dynamos,  when  working  on  a  steady 
load.  These  experiments  show  an  average  efficiency  of  available 
electrical  H.P.  against  indicated  H.P.  of— at  full  load,  78  per 
cent. ;  at  three-quarters  load,  70  per  cent. ;  at  half-load,  65  per 
cent. 

The  daily  consumption  of  electrical  energy  is  about  3,700 
Board  of  Trade  units,  which  are  produced  from  the  combustion 
of  14  tons  of  coal,  or  8-4  lbs.  of  North-country  coal  per  Board 
of  Trade  unit,  corresponding  to  about  7*5  lbs.  of  Welsh  coal 
per  unit. 

QQ 
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(2.)  The  efficiency  of  distribution  is  not  of  general  interest,  as 
it  depends  solely  upon  the  resistance  of  the  conductors.  It  is 
sufficient  to  state  that  the  average  full  load  loss  in  the  long  feeders 
running  to  Great  Dover  Street  is  5*7  per  cent,  and  in  the  short 
feeders  3*5  per  cent.  Thus  the  total  loss  in  the  feeders  is  9*2 
per  cent  The  distant  feeders  are  usually  coupled  to  a  generator- 
dynamo  working  full-compound,  while  the  home  feeders  are  con- 
nected to  a  generator  working  half-compound,  and  thus  compensat- 
ing for  the  loss  of  electromotive  force  in  the  feeders.  The  loss  in 
the  working  conductors  can  only  be  estimated  from  the  average 
current  in  each  section  and  the  known  resistance.  It  probably 
does  not  exceed  one  per  cent,  making  the  total  loss  in  distri- 
bution a  little  more  than  10  per  cent  of  the  total  electrical  power 
generated.  This  represents  a  daily  expenditure  of  fuel  of  about 
\\  tons  of  North-country  coal,  which  is  almost  the  exact  equivalent 
of  the  interest  on  ^7,000,  the  actual  cost  of  the  conductors. 
Thus  the  continuing  cost  of  distribution  is  a  minimum. 

(3.)  The  results  of  observations  made  with  train-loads  of  from 
35  tons  to  40  tons  show  the  electrical  efficiency  of  the  entire 
system  to  be  about  62  per  cent.  The  loss  in  the  conductors  being 
a  little  over  10  per  cent.,  the  average  electrical  efficiency  of  the 
locomotives  is  70  percent  The  30  per  cent  of  loss  includes  the 
power  absorbed  in  the  starting  resistance — ^probably  one-half.  The 
average  speed  of  working,  including  intermediate  stoppages,  is 
11*5  miles  per  hour,  and  of  actual  running  between  stations  13*5 
per  hour.  The  maximum  speed  attained  between  stations  varies 
from  20  to  25  miles  per  hour.  The  weight  of  a  normally  loaded 
train  is  40  tons.  The  daily  mileage  for  the  half-year  ending 
June  30,  1892,  was  1,120;  hence  the  consumption  of  fuel  per 
train-mile  is  28  lbs.  of  North-country  coal,  equivalent  to  about 
25  lbs.  of  Welsh  coal.  This  result  compares  very  favourably 
with  the  best  results  of  American  tramway  practice,  having  regard 
to  relative  loads  and  speeds. 

The  working  expenses  for  the  four  half-years,  1891 — 1892,  arc 
given  in  the  following  table  : — 
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For  the  last  half-year,  the  total  working  cost  is  7 'id.  per  train 
mile.  During  the  two  years  since  the  opening  of  the  line  in 
December^  1890,  the  locomotives  ran  more  than  820,000  miles, 
having  carried  over  12,000,000  passengers.  The  yearly  mileage 
run  per  locomotive  in  regular  running  exceeds  30,000  miles. 

The  costs  of  working  the  generator  station  and  the  locomo- 
tives, excluding  office  expenses,  are  given  below  separately ; 
the  cost  of  production  of  electricity,  and  the  cost  of  locomotive 
power,  or  of  utilising  the  electric  current  and  reconverting  it  into 
mechanical  power.  The  total  cost  of  the  generating  power  is 
4*59d.  per  train  mile,  and  that  of  the  locomotive  power  is  2 '3  id. 
per  train  mile. 

City  and  South  London  Railway  :  Locomotive  and 
Generating  Power  Separately. 

Half-year  ending  December  31,  1892. 

Train         mileage 214,417 

Number  of  passengers    ....    3,317,602 

Cost  of  Working  Generator  Station  excluding 

Office  Expenses. 


£ 

d. 

1,012 

1-12 

per  train  mile. 

2,172 

2*42 

»»             «» 

252 

028 

»>             •  t 

368 

0'4i 

»»             ft 

321 

0-36 

i»             »» 

Wages   .... 
Fuel        .... 
Water  and  gas 
Oil  and  stores 
Repairs  and  renewals    . 

4»i25  459      ., 

Equivalent  to  i*56d.  per  Board  of  Trade  unit. 

Cost  of  Locomotive  Working  excluding  Office  Expenses. 

Wages   .        .  .      *.        .     1,776  1 -98  per  train  mile. 

Oil  and  stores         ....         89  0*10 

Repairs  and  renewals    .  .       208  0*23 


»»  »» 


2.073  2-31 


Total    ;^6,i98  6*90 


»»  It 


»»  •» 
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Since  the  foregoing  results  were  produced  the  statements  of 
accounts  for  the  half-year  ending  June  30,  1893,  have  been  pub- 
lished.   The  revenue  expenditure  was  as  follows : — 


Revenue  Expenditure  for  Half-year  ending  June  30,  1893. 
Maintenance  of  Way,  Works,  and  Stations    .        452  13     i 


Locomotive  and  Generating  Power 
Carriage  repairs      .... 
Traffic  expenses 

General  charges      .... 
Passenger  duty       .... 

Law  charges 

Rates  and  taxes      .... 
Compensations        .... 

.     5,876    I 
.        480    7 

■     5»799  16 

1,710    0 

24    I 

50    0 

554    2 

16  18 

10 

3 
0 

5 
2 

0 

3 
6 

Expenditure    . 

217 
•    3»H6 

s.      d. 

12      6 

14    3 

^^14,964    0 

6 

Train  miles  run    . 
Number  of  passengers 
,,          season  tickets 

Receipts      ....    21,748 
„       season  tickets                709 

,661  miles. 

,656 
299 

£       «. 

22,458    6 
18  19 

d. 

9 
8 

it       parcels,  &c.  . 

•  • 

«               • 

•  • 

Total  (24*8d.  per  train  mile) 
Expenditure  (i6-5d.           „          ) 

22,Am      6 

14,964    0 

5 
6 

The  locomotive  and  generating  power  together  amount  to 
^5,876  IS.  lod.,  or  6-5d.  per  train  mile,  against  7 'id.  for  the  pre- 
ceding half-year,  ending  December  31,  1892,  already  noted. 


CHAPTER  V. 

CONTINENTAL  ELECTRICAL  RAILWAYS.-r- 
FLORENCE  AND  FIESOLE  RAILWAY 

Six  Continental  Electrical  Railways. 

Mr.  Sheibnbr  gives  the  subjoined  table,  based  on  official 
documents,  for  the  purpose  of  comparison.  It  comprises  the 
leading  features,  working  cost,  and  performance  of  six  electric 
railways  on  the  continent  On  the  old  Lichterfelde  line,  the 
first  in  the  table,  the  circuit  is  formed  simply  by  the  rails.  On 
the  next  four  lines,  both  the  conducting  and  contact  wires  are 
placed  overhead,  but  laterally  to  the  line,  the  current  being 
transmitted  to  the  cars  by  a  small  trolley  running  in  a  slot  along 
the  contact  wire  ;  whereas  the  Florence  line  has  the  simpler 
arrangement  of  a  central  overhead  contact  wire  and  trolley-pole. 
The  Pesth  lines  are  the  only  lines  constructed  on  the  under- 
ground channel-and-slot  system,  which  is  of  necessity  very  costly 
in  construction ;  so  much  so  that,  for  sake  of  economy,  an  ex- 
tension of  the  lines  has  been  made  with  overhead  wires.  On  the 
Modling  line,  power  is  generated  by  a  locomotive  engine  of  140 
horse-power,  in  addition  to  three  small  stationary  engines  of 
15  horse-power  each.  On  the  Montreux  line,  local  water-power 
owned  by  the  company  is  utilised,  the  dynamos  being  driven  by 
two  turbines  of  120  horse-power  each.  The  average  cost  of  con- 
struction of  these  two  lines  and  the  Florence  line  was  ^4,200  per 
mile ;  the  average  working  expenditure  is  45  centimes  per  train- 
kilometre,  or  7d.  per  train-mile.  The  three  lines  Mr.  Sheibner 
takes  as  typical  examples  of  economy,  efficiency,  and  success. 
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The  Florence  and  Fiesole  Elecfrical  Railwav. 

This  line  is  7*3  kilometres,  or  4^  miles,  long,  having  gradients 
up  to  I  in  12^;  and  is  the  first  continuous  steep-grade  electric 
railway  in  Europe.  It  is  worked  on  the  overhead  system  of  con- 
ductors. The  line  was  opened  throughout  in  April,  1S91.  Of 
the  total  length,  52  per  cent  is  in  curves,  down  to  59  feet  radius, 
and  is  chiefly  on  the  steep-grade  section.  The  electric  works 
are  situated  at  St.  Gervasio,  about  i^  miles  from  Florence. 

The  general  arrangement  of  the  station,  with  engines,  dynamos, 

&c.,  is  shown  in  Fig.  346  (Plate  VII.).  Steam 
is  supplied  from  three  return-due  boilers, 
Fig.  347,  6*56  feet  in  diameter,  with  an  inside 
flue  I  metre  in  diameter,  to  work  three  vertical 
compound  engines  of  So  horse-power  each, 
making  225  revolutions  per  minute,  and  driving 
three  Edison  compound  dynamos,  Fig.  34S 
^RauliJay :  *  Sec-  (Plate  VII.),  which,  at  900  turns  per  minute, 
tion  of  Boiler.        give  iio  amperes  at  500  volts,  each  dynamo 

developing  75  effective  horse-power,  or  93  per  . 
cent,  of  the  engine-power.  There  are,  at  least,  one  engine  and  one 
dynamo  always  kept  in  reserve.  Cardiff  coal  is  consumed  at  the  rate 
of  about  1,980  pounds  per  engine  per  day,  making  steam  of  140  lbs. 
per  sq.  in.    The  feed-water  is  heated  up  to  176°  F.  before  use. 

An  overhead  main  conductor,  consisting  of  a  covered  copper 
wire,  No.  3,  B.W.G.,  is  carried  on  poles  placed  at  a  distance  of 
from  6^  feet  to  13  feet  from  the  centre  of  line,  and  130  feet  apart 
in  straight  sections,  and  from  80  feet  to  100  feet  in  curves.  They 
are  30  feet  high,  and  are  let  6 J  feet  into  the  ground.  In  Florence 
they  consist  of  ornamental  cast-iron  columns,  with  brackets, 
Fig.  349,  the  insulators  being  fixed  at  the  top ;  but  in  the  open 
and  up  to  Fiesole,  timber  poles  are  used.  The  contact  wire, 
of  silicon  bronze,  5  millimetres,  or  ^-inch  thick  (No.  4,  B.W.G.), 
is  suspended  over  the  centre  of  the  way,  20  feet  above  the  level 
of  the  rails,  from  the  brackets  of  the  iron  columns  or  poles, 
when  the  line  runs  alongside  the  road ;  and  from  transverse  wires 


Plate  VII. 
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hung  from  poles  on  both  sides  on  the  road,  where  the  way  is 
situated  in  the  middle  of  the  roadway.  In  curves,  the  contact 
wire  is  kept  in  position  by  diagonal  wires  as  well.  The  current  is 
transmitted  by  the  main  conductor  to  the  contact  wire  in  sections 
of  about  130  feet;  with  two  subsidiary  conductors  connected  with 
the  main  conductor,  between  St.  Gervasio  and  Fiesole.  From 
the  overhead  wires  the  current  passes  through  the  trolley  and 
motors  of  the  car  to  the  rails,  which  form  the  return-circuit.  To 
insure  perfect  continuity  of  the  circuit,  the  rails  are  connected  at 
each  joint  by  a  copper  wire  fixed  to  small  iron  pins  which  pass 
through  the  flanges  of  the  rail.     Earth-plates  are  not  used. 

The  small  trolley  wheel  is  2  inches  in  diameter,  and  it  runs 
along  the  lower  surface  of  the  contact-wire  carried  on  a  tubular 
pole  15  feet  high,  2  inches  in  mean  diameter,  which  has  a  lateral 


Figs.  352,  353.    Fiesole  Railway :  Trolley  Pole. 

play  of  3  feet,  and  a  vertical  play  of  10  feet,  and  is  reversible,  its 
lower  end  being  fitted  to  a  channel-iron  riveted  to  the  centre  of 
the  roof  of  the  car  (Figs.  350,  352,  and  353).  When  the  train  is  in 
motion  in  one  direction,  the  trolley  pole  is  inclined  in  the  opposite 
direction  at  an  angle  of  about  40*^,  projecting  beyond  the  back 
platform,  and  brought  under  the  control  of  the  guard  by  means  of 
a  loose  cord  suspended  from  it. 

Each  car,  Figs.  350,  351,  carries  two  motors,  of  which  the  arma- 
tures consist  of  twenty-eight  spirals  of  '64  ohm.  resistance  each, 
the  maximum  efficiency  being  90  per  cent.,  less  35  per  cent 
due  to  loss  by  gearing.    They  are  suspended  between  the  car- 


602  ELECTRIC  TRACnOX. 

axles  and  a  transverse  chaiinel-iion  riveted  to  the  fnime.  The 
motion  is  transmitted  to  the  car-vrheeb  by  toothed  geariDg, 
Fig.  354,  in  the  ratio  of  i  to  12.  The  dimensions  are  given 
in  the  following  tablet.  The  smaller  wheels  of  each  pair  are 
of  bronze,  in  view  of  the  greater  stress  on  steep  inclines.  They 
are  encased  in  metal  boxes. 


The  motors  are  placed  immediately  under  the  floor,  as  in 
P'K-  35'-  They  arc  of  the  Sprague  type,  and  they  have  three 
conductors  which  can  be  coupled  in  seven  different  ways,  by 


means  of  the  regulator,  Fig.  355,  on  the  platform — so  varying  the 
speed.  The  motors  are  tested  to  develop  up  to  20  horse-power 
each,  or  40  horse-power  for  both ;  which  at  736  volt  amperes  per 
horse-power,  and  a  potential  of  500  volts,  is  equal  to  60  amperes, 
derived  from  the  main  conductor,  and  represents  (40  x  75=) 
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3000  metre<kilogrammes,  less  25  per  cent,  for  friction  by  gearing,  or 
2250  tnetre-kiiogrammes,  equal  to  Af  p,  or  30  effective  horse-power. 
The  effective  powers  required  on  the  three  sections  into  which  for 
convenience  the  line  is  divided,  at  the  regulation  speeds  of  14, 10, 
and  8  kilometres  per  hoar,  are  respectively  4, 16, 20  horse-power  only. 

The  cars  are  14.4  feet  long,  or  20  feet  long  including  the  end 
platforms,  8^  feet  wide  outside,  seated  for  24  passengers.  The 
total  height  is  10  feet  above  the  rails.  The  wheel-base  is  6  feet 
long.  The  weight  empty  is  5  tons ;  full,  7  J  tons.  The  body  of 
the  car  rests  on  four  vertical  springs.  Curves  of  14  metres  and 
12  metres  can  be  passed  with  perfect  safety.  Each  platform 
is  fitted  with  a  regulator  disk,  a  sand-valve  handle,  a  mechanical 
chain-brake,  and  an  electric  safety-brake.  The  roof  is  10  feet 
below  the  contact-wire. 

The  cost  of  construction  was  as  follows  : — 

C 
Works,  way,  sidings,  buildings,  stations,  and  accessories  13,000 

Three  boilers  and  three  engines,  of  80  horse-power  each  4,000 

Electric  plant,  three  dynamos,  twelve  car-frames,  with 

motors,  wires,  &c 9,000 

Twelve  passenger-cars 1,000 

Telephone  and  sundries 1,000 

28,000 
Or  at  the  rate  of  ;f  6, 144  per  mile. 

The  working  expenditure,  based  on  an  average  of  375  car- 
miles  run  per  day,  is  as  follows  : — 


Lire  per  day.    I       P«°"i»«- 
p«  **«j  car-mile. 


Traffic  (guards,  inspectors) 

Maintenance 

Motive  power,  including  car  drivers 
Depreciation  and  renewals  of  boilers, 

electric  plant,  cars,  line 
General  charges 


Total  lire 


38  0-96 

27  0-68 

no  2*80 

81  2-o8 

41  '        1-05 


297  i        7'58 


6o4 
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Mr.  Sheibner  estimates  that  if  instead  of  by  electricity,  the  line 
were  worked  by  eight  ordinary  1 6-ton  locomotives,  or  by  eight 
i2-ton  combined  adhesion  and  rack  engines,  the  total  cost  of 
construction  would  have  been  as  follows : — 


Works      .... 

AdhfntioD. 

£, 
.     13,000 

Adhesion  And  rack. 

13,000 

Rack,  2*7  kilometres 

,        .        — 

4,000 

Eight  engines    . 

Twelve  carriages 

Sundries 

.      5,000 

.      2,400 

1,000 

8»ooo 
2,400 
1,000 

21,400 


28,400 


The  expenditure  per  day  of  one  oi  these  engines,  running  100 
kilometres  or  60  miles  per  day,  is  : — 

T.irc. 

Fuel,  600  kilogrammes,  40  lire  per  ton  24 

Oil  and  repairs 6 

Driver  and  stoker 9 


Total 


12^  «  ;£i32 


Hence,  for  six  engines  funning,  with  two  in  reserve,  the  cost 

,.  ,  214x100 

IS    214    lire    per   day=  ,     -j-rr —   =35.7  centimes   per  train- 

kilometre,    or     5.46    pence    per    train-mile,     which    is   nearly 
double  the  cost  for  electric  motive  power. 


CHAPTER  VI. 
THE  LIVERPOOL  OVERHEAD  RAILWAY. 

This  railway*  is  6i  miles  in  length,  of  which  5^  miles  are  now 
worked  (March,  1894).  Thirteen  stations  are  in  use,  and  four 
are  to  be  added.  The  gradients  are  easy,  excepting  two  short 
gradients  of  i  in  40,  under-crossing  a  coal  line.  The  sharpest 
curves  are  of  7  chains  radius.  The  line  is  carried  on  cast-iron 
columns,  of  which  the  normal  span  is  50  feet,  with  bow-string 
lattice  and  plate  girders. 

The  way  consists  of  flat-bottomed  steel  rails,  weighing  56  lbs. 
per  yard,  fixed  on  longitudinal  timbers  which  are  held  down  to 
the  floor  by  iron  lugs  riveted  on  to  it,  and  oak  keys.  Figs.  356, 
357.  On  the  curves  these  timbers  vary  in  thickness  according 
to  the  necessary  super-elevation  of  rail.  The  rails  are  fixed  by 
spikes  and  fang-bolts,  special  care  being  taken  in  fixing  them  to 
avoid  metallic  contact  with  the  main  structure.  The  electrical 
conductor,  which  consists  of  a  steel  bar  4  square  inches  in  section, 
of  f"^  form,  is  placed  midway  between  the  rails  of  each  line, 
and  is  carried  on  porcelain  insulators  supported  by  cross-timbers. 
The  joints  are  provided  with  copper  connections,  and  since  the 
return  current  is  brought  back  through  the  rails,  a  bent  iron  bond 
riveted  through  the  web  of  the  rails  is  fixed  at  each  fish-joint. 
Cables  laid  under  ground  from  the  railway  to  the  generating- 

*  See  a  paper  on  "  The  Liverpool  Overhead  Railway,"  by  Messrs. 
J.  H.  Greathead,  Francis  Fox,  and  Thomas  Parker,  in  the  Minutes 
of  Proceedings  of  the  Institution  of  Civil  Engineers ^  vol.  cxvii., 

1893-94- 
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Station,  a  distance  of  60  yards,  connect  the  conductors  and   the 
rails  with  the  dynamos. 

One  train  consists  of  two  carriages,  each  45  feet  long  and 
SJ  feet  wide,  on  two  bogies,  3  a  feet  apart  from  centre-pin  to 
centre-pin,  with  a-feet  9 -inch  wheels,  7-feet  wheel-base  and  pressed 
steel  frames.  The  caniages  are  all  exactly  alike  and  contain 
accommodation  for  sixteen  first-class  and  forty-one  second-class 
passengers  in  each  carriage,  with  three  side  doors  and  a  passage 
from  end  to  end.    The  first-class  passengers  are  at  one  end  of  the 


Fio.  356. — Liverpool  Overhesd  Railway ;  Section  of  Conductor  Crossing. 

carriage,  and  the  driver's  box  with  switches,  etc.,  is  at  the  other. 
When  the  two  carriages  are  coupled  together  to  form  a  train,  the 
driver's  boxes  are  at  the  extreme  ends  and  the  two  first-class  com- 
partments consequently  together  in  the  middle  of  the  train.  A 
small  door  through  the  contiguous  ends  of  the  carriages  enables 
the  guard  or  attendant  to  pass  from  end  to  end  of  the  train. 

The  motors,  one  at  each  end  of  the  train,  are  controlled  from 
either  end ;  the  driver,  of  course,  always  travelling  at  the  front 
end  of  the  train  and  changing  ends  upon  arrival  at  a  terminus, 
carrying  with  him  a  key  without  which  the  motors  catmot  be 
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operated.  In  a  train  thus  arranged  one  driver  and  one  conductor 
constitute  the  train  staff,  the  guard  as  well  as  the  driver  having  it 
in  his  power  to  cut  off  the  current  from  the  motors  and  to  apply 
the  brakes. 

The  trains  are  fitted  with  the  Westinghouse  automatic  brake, 
deriving  its  supply  of  compressed  air  from  a  reservoir  on  the  train. 
The  reservoir  has  a  capacity  sufficient  for  two  complete  journeys 
and  is  recharged  each  journey  from  a  receiver  placed  at  the 
terminus  at  the  north  end  of  the  line. 

A  hand-brake  is  also  provided  at  each  end  of  the  train. 


Fig.  357. — Liverpool  Overhead  Railway:  fiogie  with  Armature. 

Transverse  section. 


The  generating-station,  Plate  VIII.  (Figs.  358,  359),  is  under 
the  arches  of  the  coal-railway  of  the  Lancashire  and  Yorkshire 
Railway  Company  at  Wellington  Dock.  The  coal,  bituminous 
slate,  is  here  tipped  direct  from  the  railway  trucks  into  large 
hoppers  placed  over  the  boilers,  and  is  distributed  by  means  of  a 
conveyor  to  the  shoots  of  the  Vicars  mechanical  stokers  with 
which  the  furnaces  are  fitted.  There  is  thus  no  handling  of  the 
coal.  Water  from  the  adjacent  dock  is  used  for  condensing,  and 
the  town  water  for  the  boilers. 

The  boilers  are  of  the  double-flue  Lancashire  type  with  cross 
tubes  ;  they  are  of  steel,  6  in  number,  each  8  feet  in  diameter  by 
30  feet  long,  with  a  working-pressure  of  1 20  lbs.  per  square  inch, 
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and  Green  ccoDomiseis  in  dnplkale  are  fixed  in  the  main  flaes. 
The  steam  and  feed-pipe  ranges  axe  also  in  duplicate.  The 
engines  are  four  in  number,  each  consisting  of  a  pair  of  horizontal 
compound  condensing  engines,  built  by  Messrs.  Musgrave  &  Co. 
of  Bolton,  who  contracted  with  the  Electric  Construction  Corpon- 
tion  to  supply  the  engines  and  boOers  complete,  and  with  the 
Company  to  erect  the  chimney  shaft  (165  feet  high],  foundations 
of  boilers,  engines,  etc.  The  high-pressure  cylinders  are  15I 
inches,  and  the  low-pressure  31  inches  in  diameter,  with  a  stroke 
of  36  inches,  fitted  with  Corliss  valves  driven  by  Trip  gear,  acted 
on  directly  by  the  governor.  Each  engine  will  develop  400  LH.P. 
at  100  revolutions  per  minute  with  120  lbs.  boiler-pressure.  All 
the  engines  exhaust  to  one  condenser  of  the  tubular  surface  type. 
The  centrifugal  circulating  pump  and  air-pumps  are  driven  by  a 
Musgrave  "  No-dead-centre "  vertical  compound  engine,  and  the 
condensing-plant  is  in  duplicate. 

Each  engine  drives  an  Elwell-Parker  dynamo,  from  which  the 
current  is  conveyed  north  and  south  along  each  line  of  the  railway 
by  the  steel  conductor  already  described.  Hinged  collectors  of 
cast  iron,  sliding  upon  this  conductor,  the  upper  surface  of  which 
is  about  \  inch  higher  than  rail  level,  allow  the  current,  when 
required,  to  pass  through  the  motors  and  to  return  by  the  wheels 
and  the  rails  to  the  dynamos.  At  the  crossings  the  conductor  is 
bent  to  form  wings  parallel  to  the  rail  to  be  crossed,  in  the  same 
way  as  b  usually  done  at  rail  crossings. 

The  empty  train  weighs  31  tons  2\  cwt.,  of  which  the  electrical 
equipment  for  locomotion  weighs  6  tons  7  cwt  With  all  seats 
occupied  by  passengers,  the  total  weight  is  about  38  tons  6  cwt., 
but  on  occasions  the  standing-room  in  the  train  is  also  fully  occu- 
pied, bringing  the  weight  to  perhaps  50  tons.  The  weight  oi 
locomotive  equipment  is  thus  aboqt  125  lbs.  per  passenger,  and 
about  20  per  cent,  of  the  total  weight  of  the  train  with  all  $eats 
occupied,  each  passenger  being  taken  at  140  lbs.  weight.  A  com- 
parison of  these  figures  with  those  of  trains  on  other  railways  using 
electric  and  steam-locomotives  is  given  in  the  next  table : — 
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and  Green  economisers  in  duplicate  are  fixed  in  the  main  flues. 
The  steam  and  feed-pipe  ranges  are  also  in  duplicate.  The 
engines  are  four  in  number,  each  consisting  of  a  pair  of  horizontal 
compound  condensing  engines,  built  by  Messrs.  Musgrave  &  Co. 
of  Bolton,  who  contracted  with  the  Electric  Construction  Corpora- 
tion to  supply  the  engines  and  boilers  complete,  and  with  the 
Company  to  erect  the  chimney  shaft  (165  feet  high),  foundations 
of  boilers,  engines,  etc.  The  high-pressure  cylinders  are  15} 
inches,  and  the  low-pressure  31  inches  in  diameter,  with  a  stroke 
of  36  inches,  fitted  with  Corliss  valves  driven  by  Trip  gear,  acted 
on  directly  by  the  governor.  Each  engine  will  develop  400  I.H.P. 
at  100  revolutions  per  minute  with  120  lbs.  boiler-pressure.  All 
the  engines  exhaust  to  one  condenser  of  the  tubular  surface  type. 
The  centrifugal  circulating  pump  and  air-pumps  are  driven  by  a 
Musgrave  ^^  No-dead-centre "  vertical  compound  engine,  and  the 
condensing-plant  is  in  duplicate. 

Each  engine  drives  an  Elwell-Parker  dynamo,  from  which  the 
current  is  conveyed  north  and  south  along  each  line  of  the  railway 
by  the  steel  conductor  already  described.  Hinged  collectors  of 
cast  iron,  sliding  upon  this  conductor,  the  upper  surface  of  which 
is  about  j^  inch  higher  than  rail  level,  allow  the  current,  when 
required,  to  pass  through  the  motors  and  to  return  by  the  wheels 
and  the  rails  to  the  dynamos.  At  the  crossings  the  conductor  is 
bent  to  form  wings  parallel  to  the  rail  to  be  crossed,  in  the  same 
way  as  is  usually  done  at  rail  crossings. 

The  empty  train  weighs  31  tons  2^  cwt.,  of  which  the  electrical 
equipment  for  locomotion  weighs  6  tons  7  cwt  With  all  seats 
occupied  by  passengers,  the  total  weight  is  about  38  tons  6  cwt., 
but  on  occasions  the  standing-room  in  the  train  is  also  fully  occu- 
pied, bringing  the  weight  to  perhaps  50  tons.  The  weight  oi 
locomotive  equipment  is  thus  abot^t  125  lbs.  per  passenger,  and 
about  20  per  cent,  of  the  total  weight  of  the  train  with  all  seats 
occupied,  each  passenger  being  taken  at  140  lbs.  weight.  A  com- 
parison of  these  figures  with  those  of  trains  on  other  railways  using 
electric  and  steam-locomotives  is  given  in  the  next  table : — 
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Comparative  Weight  and  Passengers  of  Electric 

AND  Steam  Conveyance. 


Electric 
Motors. 

Electric 
Locomo- 
tives. 

Steam  Locomotives. 

Liverpool 
Overhead 
Railway. 

City  and 

South 

London 

Railway. 

Manhatta 

Railway, 

New  York. 

Gt.  Northern 

Railway, 

Snbuiban 

Train. 

Weight  of  motors  or  loco- ) 
motive         .        .        .  ) 

Number  of  passenger-  { 
seats  in  tram      .        .  \ 

"Weight  of  motors  or  loco-  \ 
motive  per  passenger,  > 
in  lbs.          .        .        .  ) 

Weight  of  full  train  (all  ] 
seats  occupied)  .        .  ) 

Weight  of  motors  or  loco-  \ 

motive     relatively    to  i 

weight  of  full  train,  ex  \ 

'        motors  or  locomotives,  \ 

percent.      .        .        .  / 

Average  weight  of  empty  \ 
carnages  \ex  motors)  f 
per    passenger    seat,  X 
in  lbs.          .        .        .) 

Weight  of  full  train  per  ) 
passenger,  in  lbs.       . ) 

T.  C.  Q. 
670 

114 

T.  C.  Q. 
385   2 

20 
487 

T.  C.  Q. 
10  7  0 

96 

241 
T.  C.  Q. 

17  7  0 
38 

490 
871 

T.  C.  Q. 
23  4  0 

230 

217 

T.  C.  Q. 
104  I  0 

29 

61S 
972 

T.  C.  Q. 

53  10  0 
414 

290 

T.    C  Q. 
188   II   0 

40 
1,020 

For  the  generating-plant  there  are  four  d3mamos  of  the  double 
limb  type,  each  having  a  normal  output  of  475  amperes  at  500 
volts,  at  420  revolutions  per  minute,  or  say  1,200  electric  H.P. 
in  all.  The  arrangement  of  the  generating-plant  is  shown  in 
Plate  VIII.  The  dynamos  are  formed  with  a  magnetic  circuit 
above  and  below  the  armature,  the  poles  being  cut  through  hori- 
zontally along  the  centre  line  to  allow  the  upper  part  to  be  lifted 
readily.  They  are  shunt-wound,  of  "  drum  "  type,  with  stranded 
conductors.  The  resistance  of  the  armature  is  o'oi  ohm,  and 
that  of  the  shunt  is  75  ohms,  the  electrical  efficiency  of  the 
machines  being  97*7  per  cent.     The  armature  and  shaft  weigh 
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3  tons,  and  the  complete  machines  2\\  tons  each.  Elach  djmamo 
is  driven  by  nineteen  ij-inch  cotton  ropes,  from  a  horizontal 
compound  engine,  indicating  400  H.P.  at  full  load. 

The  armature-shaft  carries  a  half-coupling  by  which  it  is  con- 
nected to  the  puUey-shaft,  which  runs  between  two  bearings ;  the 
armatures  can  thus  be  easily  removed  without  disturbing  the 
pulley  and  ropes.  The  dynamos  are  built  on  lines  sufficiently 
massive  to  be  capable  of  producing  a  much  greater  output  than 
the  normal  for  a  short  period  without  injury.  They  can  check 
the  engines  in  the  event  of  too  heavy  a  call  being  made  upon 
them,  and  so  prevent  any  serious  damage  occurring  to  them,  in 
case  of  a  continuous  short-circuit  on  the  line. 

The  current  from  each  dynamo  is  connected  to  common  omni- 
bus bars  through  an  ammeter  and  automatic  magnetic  cut-out,  sq 
that  all  can  work  in  parallel.  These  cut-outs,  which  protect  the 
generating  plant,  are  also  used  as  switches,  and  are  thus  always 
kci)t  in  working  order.  A  similar  form  of  switch  is  used  on  the 
cars,  and  the  guard  can,  independently  of  the  driver,  by  applying 
the  brakes,  cut  the  current  off  the  motors,  and  bring  the  train  to 
a  standstill.  From  the  omnibus  bars  the  current  passes  through 
a  main  magnetic  cut-out  (adjusted  to  break  circuit  with  a 
current  of  3,000  to  4,000  amperes)  to  the  centre  conductor, 
from  which  the  moving  trains  collect  their  current,  by  four 
•5  J  **Callender"  lead-sheathed  and  steel-armoured  cables  laid 
under  the  road  between  the  generating- station  and  the  overhead 
structure. 

The  main  conductor  is  of  steel,  4  square  inches  in  section, 
as  already  stated,  rolled  in  lengths  of  32  feet  6  inches,  and 
weighs  about  40  lbs.  per  lineal  yard.  It  is  supported  between  the 
main  rails  on  wooden  cross-sleepers  and  rests  on  porcelain  insu- 
lators. The  steel  channel  is  not  rigidly  attached  to  the  insulators  in 
any  way,  and  is  supported  by  them  at  every  7  feet  6  inches,  except 
where  joints  occur  in  the  conductor,  in  which  cises  the  insulators 
are  2  feet  6  inches  apart.  The  lengths  of  conductor  are  electri- 
cally connected  by  flexible  copper  straps.  There  are  no  feeders, 
and  the  return  circuit  is  through  the  rails,  which  are  united  by 
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wrought-iron  bonds  riveted  to  the  web  and  bridging  across  the 
fish-plates.  All  four  rails  are  cross-bonded  at  the  stations,  but 
are  insulated  from  the  structure  by  longitudinal  sleepers.  They 
weigh  56  lbs.  per  lineal  yard.  The  return  circuit  has  thus  a  sec- 
tional area  of  approximately  22  square  inches.  At  each  station 
there  is  a  cross-over  road,  and,  in  order  to  surmount  the  difficulty 
of  carrying  the  charged  conductor  past  the  main  rails  at  these 
points,  it  was  broken,  and  each  end  was  bent  parallel  to  the  main 
rail  for  some  distance  on  each  side  of  it,  being  electrically  con- 
nected under  the  rail,  and  fixed  f  inch  above  it.  The  collectors 
on  the  car  were  made  wide  enough  to  bridge  across  the  gap  thus 
formed  without  breaking  the  circuit. 

Each  car  is  an  independent  unit,  having  a  motor  built  with  the 
armature  direct  upon  the  front  axle  of  each  bogie,  on  Mr.  Eicke- 
meyer's  system  (Figs.  360,  361).     The  magnets  are  maintained 
in  correct  relation  to  the  armature-axle  by  two  cast-iron  flitch- 
frames,  carried  by  forged  extensions  of  the  magnet-yokes.     The 
weight  of  the  magnets  is  taken  off  the  axles  by  means  of  adjust- 
able springs  suspended  from   the   bogie-frame  and   attached   to 
brackets  at  each  end  of  the  motor.     To  retain  the  magnets  in  a 
correct  horizontal  position,  a  lever-arm  projects  from  the  inside  end 
of  the  motor,  and  is  attached  on  the  bogie-truck  beyond  the  bolster 
by  rubber  spring  pads,  top  and  bottom.     The  motors  are  series- 
wound,  and  develop  40  H.P.  for  any  length  of  time  without  undue 
heating.     The  armature-resistance  is  0*67  ohm,  and  that  of  the 
field-magnet  coils  is  0*37  ohm.     The  tractive  force  of  each  motor 
at  the  rim  of  the  wheels  (2  feet  9  inches  in  diameter)  with  100 
amperes  exceeds  1,450  lbs.  (about  87  lbs.  per  ton  of  train).     The 
weight  of  each  motor  with  its  axle,  without  the  wheels,  is  3  tons, 
and  that  of  the  motor-truck  complete  is  5  tons  7  cwt. 

According  to  the  results  of  tests  at  the  generating-station,  the 
mean  efficiency,  or  ratio  of  E.H.P.  to  I.H.P.  was  ZZ  per  cent. 
The  tests  lasted  over  3^^  hours;  the  coal  consumed  was  4,032  lbs. 
Total  E.H.P.  hours,  1,195  \  coal  per  E.H.P.  hour,  3*37  lbs, ;  coal 
per  I. H.P.  hour,  2*96  lbs. 
The  power  absorbed  by  a  train  during  an  experimental  run 
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covering  the  length  of  line  at  present  open  (sJ  miles)  in  twenty- 
four  minutes  fifty-seven  seconds,  with  intervals  of  twenty-five 
seconds  stoppage  at  the  stations,  or  an  average  running  speed  of 
i5'i  miles  per   hour.     Also  during  one  journey  peifonned  in 


tweniy-thrce  minutes  forty-seven  seconds,  or,  at  the  rate  of  i6'i 
miles  per  hour. 

The  particulars  of  these  trials  are  given  below : — 

March  5TH,  1895.    First  Journey. 
Herculaneum  to  Alexandra  {return).     One  train  on  line. 
Loaded  with  8  tons  (iron  weights). 
Toial  time  on  journey,  24  minutes  5;  seconds. 
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Total  time  current  is  on  car,  17  minutes  7  seconds. 
,,      „     train  is  standing,  4  minutes  35  seconds. 
Total  distance  run,  9,030*4  yards  —  5  miles  230  yards,  say  5^  miles. 
Average  speed  while  running,  15  miles  per  hour. 

,,  ,,     including  stops,  12*3  miles  per  hour. 

Average  current  per  train  while  running,  82*7  amperes,  including 
stop,  67*3  amperes. 
,,       electrical  H.P.  per  train  while  running,  54*4  electrical  H.P., 

including  stop,  44*4  electrical  H.P. 
,,       electromotive  force,  485*2  volts  on  car. 


March  5TH,  1893.    Second  Journey. 

Herculaneum  to  Alexandra  {return).     One  train  on  line. 

Loaded  with  8  tons  (iron  weights). 

Total  time  on  journey,  23  minutes  47  seconds. 

current  is  on  car,  15  minutes  18  seconds, 
train  is  standing,  4  minutes  40  seconds, 
distance  run,  9,030*4  yards,  say  5^  miles. 
Average  speed  while  running,  16*1  miles  per  hour. 

including  stops,  13  miles  per  hour. 
„        current  per  train  while  running,  90*8  amperes,  including 

stops,  y^  amperes. 
,,        electrical  H.P.  per  train  while  running,  57*1  electrical  H.P., 

including  stops,  46  electrical  H.P. 
„        electromotive  force  on  car,  484  volts. 

The  weight  of  a  car  complete  without  passengers  is  15!  tons. 
For  the  test  each  car  was  loaded  with  4  tons,  making  the  total 
weight  of  the  train  39  tons.  The  average  power  absorbed  was 
44*4  E.H.P.  at  15*1  miles  per  hour,  and  46  E.H.P.  at  16*1  miles 
per  hour. 

The  quantity  of  coal  consumed  for  all  purposes  per  train-mile 
was : — 

Lbi. 

April 25*16 

May 20*03 

June i8*97 

July 18*27 

August i6'95 

September 17*20 


e 

»»  >» 


6i4 


ELECTRIC  TRACTION. 


The 

composition  of  the  coalj 

^  Lancashire  small  slack, 

was 

as 

follows 

• 

Fixed  Carbon 

1                                  •                                  •                                  4 

Per  Cent. 
70*08 

Volatile  Hydrocarbon 

»                                   « 

* 

I 

16-47 

Sulphur  . 

■ 

I 

» 

1*92 

Moisture 

* 

»                                   < 

301 

Ash 

■ 

\ 

1 

8-51 

Its  calorific  value  is  approximately  75  per  cent,  of  that  of  best 
Welsh  coal.  The  price  of  the  slack  which  was  used  until  the 
latter  part  of  August  was  5s.  lod.  per  ton,  but  since  that  date, 
owing  to  the  strike  in  the  coal  trade,  coal  has  been  procured  from 
various  sources  at  price  ranging  up  to  17s.  6d.  per  ton. 


Cost  of  Working  on  Liverpool  Overhead  Railway, 
INCLUDING  Lighting  of  Stations  and  Signals. 


Supervision    . 
Generatin ^-Station,  Wages 
Drivers'  Wages 
Coal 

Oil,  Waste,  Grease 
Water    . 

Stores  and  Sundries 
Cleaning  and  Repairs,  &c., )  Wages 
at  the  Car-Shed  j  Material 

Total     . 
Allowance  for  Signals  and  Lighting 

Cost  of  Running      .... 
Train  Mileage 


Pence  per  Train-Mile. 


July.       I    August.    I      Sept, 


0*416 
0590 
1*043 
0718 
0*139 
0013 
0*105 
0*521 

0*430 


0*416 
0*628 

1-058 
1-230 

0*129 

o-ois 
0*115 

0-539 

0*221 


3 '975    '    4-351 
0*271        0*276 


3-704    I    4*075 


41.430      40,640 


CHAPTER  VII. 
THE  ROUNDHAY  {LEEDS)  ELECTRIC  TRAMWAY. 

This  line  is  an  example  of  the  Thomson- Houston  system.  The 
most  distinctive  feature  of  the  installation  is  the  fact  that  it  is 
carried  out  entirely  in  accordance  with  current  American  practice, 
and  it  is  interesting  to  see  how  far  that  practice  is  applicable  to 
English  conditions.'*  Although  the  line  meets  with  the  approba- 
tion of  the  residents  of  the  district,  the  use  of  single-decked  cars 
of  the  American  type,  seating  only  twenty-two  passengers  each, 
proves  to  be  a  mistake.  Double-decked  cars  might  be  used 
without  difficulty,  but  at  the  time  the  line  was  constructed  these 
were  not  procurable  in  time,  and  their  importance  was  not 
recognised. 

The  line,  which  covers  about  three  miles  of  ground,  is  more  or 
less  a  suburban  one,  starting  about  a  mile  from  the  centre  of  Leeds, 
and  running  out  to  Roundhay  Park.  It  is  nearly  straight,  with 
the  exception  of  the  Park  end,  where  there  is  a  balloon  loop, 
which  avoids  changing  the  direction  of  the  cars  at  that  end.  This 
arrangement  was  made  originally  for  steam-trams,  and  is  not  at  all 
essential  for  the  electric  system.  There  are  two  miles  of  double 
track  and  a  branch  line  of  a  mile  and  a  quarter  of  single  track, 
with  passing  places,  making  a  total  of  5^  miles  of  track.  The 
maximum  gradient  (of  which  there  are  two  instances,  each  about' 
a  quarter  of  a  mile  long)  is  i  in  20.     There  are  several  other 

•  For  the  materials  of  this  Chapter,  the  Author  is  indebted  to  Mr. 
1 .  E.  Winslow,  the  Managing  Engineer  of  the  line. 
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less  gradients ;  in  fact,  the  line  is  practically  a  continuoas  gradient 
from  the  city  terminus  to  the  park. 

The  permanent  way — which  was  constructed  by  the  Leeds 
Corporation  several  years  previously  to  its  adaptation  to  present 
puriK>ses — consists  of  a  98-lb.  girder  rail  of  standard  section,  laid 
on  a  bed  of  concrete  9  ins.  thick,  extending  from  curb  to  curb. 
The  metals  are  held  to  gauge  by  iron  tie  bars  at  short  intervals. 
The  joints  rest  upon  iron  sole  plates.  This  line  has  been  in  use 
for  nearly  three  years  with  electric  traction,  and  for  several  years 
previously  with  steam  traction.  The  repairs  have  been  nominal. 
The  electric  system  was  installed  by  the  Thomson-Houston 
International  Electric  Company  in  accordance  with  their  standard 
practice. 

A  diagrammatic  sketch  which  shows  the  circuit  as  in  use  has 
already  been  given  in  Fig.  340  (p.  562),  and  the  description 
accompanying  that  sketch  (p.  561)  may  be  referred  to  with 
advantage.  Here  it  will  be  sufficient  to  say  that  the  current 
passes  out  from  the  dynamo  along  the  trolley  wire  to  the  car,  and 
thence  passing  through  the  car  and  motors  returns  by  the  rail  to 
the  dynamo. 

The  electric  connections  of  the  rails  are  shown  in  Fig.  362. 
There  is  a  tinned  copper  wire,  '34  inches  in  diameter,  laid  between 
the  metals  on  each  track.  At  the  joints  a  smaller  copper  wire  is 
keyed  to  each  rail  by  the  peculiar-shaped  pin  shown  in  the  sketch ; 
this  wire  is  soldered  to  the  main  return  wire,  and,  as  will  be  seen, 
each  rail  is  connected  twice  to  this  main  return. 

The  overhead  construction  is  upon  what  is  known  as  the  cross- 
suspension  method — that  is,  steel  poles,  as  shown  in  Fig.  363,  are 
set  6  feet  into  the  ground  on  the  curb  at  each  side  of  the  road» 
and  a  steel  wire  stretched  between  the  two  poles.  These  poles  are 
set  in  concrete  to  make  them  as  rigid  as  possible.  From  the  steel 
wire  is  suspended  a  trolley  wire,  which  is  of  hard-drawn  copper 
wire  of  "34  inches. 

A  very  good  idea  of  the  way  this  method  of  suspension  looks 
in  practice  will  be  gathered  from  Fig.  364  (Plate  IX.),  which  is 
taken  from  a  photograph  of  the  single-branch  line.     The  details 
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of  this  suspension  are  shown  in  Fig.  365,  the  car,  e,  being 
soldered  to  the  trolley  wire,  d.  The  insulators  c  and  a  are  of 
hard  rubber,  and  their  position  may  be  seen  in  the  upper  part 

of  the  sketch,  f  and  b  are  the  cast-iron  hangers 
which  hold  the  insulator  in  place.  These  are  of 
different  forms  for  different  line  construction,  f 
being  used  in  the  curve,  and  b  on  the  straight  line 
only. 

Fig.  366  is  the  section  of  the  top  of  one  of 
the  steel  poles,  showing  the  method  of  insulation, 
A  being  a  wooden  plug  driven  into  the  top  of  the 
pole.  This,  as  will  be  seen,  gives  double  insulation 
all  over  the  line. 

Figs,  367  and  368  show  the  devices  used  for 
making  the  trolley-wheel  follow  the  car  on  a  branch 
line  or  turn  out.  They  are  usually  designated  as 
"  frogs."  These  are  set  slightly  out  of  the  centre 
of  the  track,  so  that  when  the  switch  in  the  per- 
manent way  sends  the  car  on  to  the  branch  line 
the  trolley-wheel  is  dragged  to  one  side  and  follows 
the  desired  wire. 

The  cars  now  in  work  (July,  1894)  are  six  in 
number,  and  are  of  the  standard  American  pat- 
tern, seating  22  passengers  each.  They  make  a 
run  of  no  miles  a  day  each,  and  upon  Satur- 
days, Sundays,  and  holidays  two  trail  cars  are 
also  run,  each  seating  46  passengers,  the  motors 
being   of  ample  power  to   draw  this   additional 

Fig.  363.  Steel  load, 
pole  for  Over-      Each  Car  is   equipped  with  two  single-reduc- 
tion.  "^     ^   tion  motors,  each  of  15  H.P.,  as  shown  in  Fig. 
369.     Fig.    370  will  give  a   better  idea  of  the 

details.     The  following  particulars  will  be  of  interest : — 


Weight  of  motor,  without  gear  or  gear  cover 
,.         armature,  with  pinion 
,,         one  field- spool     .... 


2,060  lbs 
484 

128 


It 
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Fig.  365.    Details  of  Trolley-\idre  Suspension. 


Fig.  366.    Section  of  Top  of  Steel  Pole. 
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Figs,  367,  368.     "  Frogs  "  for  diverting  Trolley-wheels. 


KiG.  369.    Single-reduction  Motor  for  Car. 


Weight  of  one  pole-piece 

,,         frame,  including  nose- 

,,         axle  gear    . 
Number  of  teeth  in  gear 

„  „       in  pinion 

Pitch  diameter  of  gear 

,,  „    iti  pinion 

Speed  reduction  . 


23i  in. 

478 


The  motors  are  series-wound,  but  are  in  parallel  with  TeTereDce 
to*  each  other.  In  niDning  the  car,  the  speed  is  regulated  b^ 
means  of  a  rheostat,  as  shown  in  Fig.  371.  This  is  composed  of 
thin  plates  of  iron  insulated  from  each  other  with  mica.     As  will 
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Fig.  370.    Delails  of  Smgle-reduction  Motor. 


Fig.  371.    Rheostat  and  Reversing  Switch. 
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be  seen,  it  is  in  the  form  of  a  semi-circle,  and  is  exceeding  com- 
pact for  the  amount  of  resistance  which  it  contains.  It  is  operated 
by  steel  cable,  which  passes  round  the  drum  and  goes  to  the  con- 
troller stand  (Fig.  372)  at  each  end  of  the  car.  These  controller 
stands  are  fitted  with  sprocket-wheels  and  chain,  which  are 
attached  to  the  ends  of  the  cables  passing  round  the  drum  ;  hy 
this  method  the  amount  of  resistance  is  regulated  by  the  man  in 

charge.  The  direction  of  the  car  is  changed 
by  means  of  the  reversing  switch,  b,  in  Fig. 
371,  this  being  controlled  in  the  same  manner 
as  the  rheostat. 

The  current  is  taken  from  the  trolley- wire 
by  the  trolley,  shown  in  Fig.  373,  a  steel  pole 
being  used   between  the  stand,  b,  and    the 
head,   a,  which   carries  the   trolley-wheel,  as 
seen  in  the  illustration.     This  stand   is  free 
to  revolve  upon  the  pivot,  which  gives  any 
desired  lateral  play,  and  the  springs  press  the 
wheel  up  against  the  wire,  the  tension  being 
regulated  by  the  check-nuts,  as  shown;    this 
gives  a  universal  motion  to  the  trolley-wheel. 
It  should  be  noticed  that  the  cam  at  the  base 
of  the  trolley  is  of  such  a  shape  that  the  pres- 
sure upon  the  trolley-wire  is  always  constant, 
irrespective  of  the  angle  which  the  trolley-wire 
makes  with  the  pole. 

Fig.  374  shows  a  sketch  plan  of  the  sta- 
tion and  car  shed.    The  latter  is  a  brick  and 
iron  building,  fitted  with   four  tracks,  each 
capable   of   storing  two   cars.     Under  each 
line  track-pits  are  constructed  to  admit  of  the  easy  inspection 
of  the  motors.     The  engine-house   is  a  temporary  structure  of 
corrugated  iron,  which  adjoins  the  car-shed. 

The  engine  is  of  the  American  horizontal  type,  by  Messrs. 
Macintosh  &  Seymour.  It  has  but  a  single  cylinder,  18  x  i8i, 
and  indicates  200  H.P.,  at  100  lbs.  of  steam  and  200  revolutions. 


Fig.  372.    Controller 
Stand. 
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The  governor  of  this  engine  is  situated  in  the  fly-wheel,  and  is 
so  sensiiive  that  it  maintains  the  speed  within  2  per  cent.,  no 
matter  how  widely  the  load  fluctuates. 

There  are  two  dynamos  of  the  Thomson- Houston  manufacture, 
illustrated  in  Fig.  375,  each  of  which  is  capable  of  delivering 
62  units  at  300  volts.  They  are  driven  by  endless  perforated 
leather  belts,  running  at  4,500'  per  minute.  The  switch-board  is 
placed  at  one  end  of  the  station,  and  contains  the  necessary 
instruments  for  the  control  of  the  lines.  Carbon  brashes  are  used 
on  both  dynamos  and  motors :  these  are  set  radially  to  the  conn- 
mutators,  and  are  self-feeding. 


Fie.  373.     Trolley  Stand. 

The  boiler  is  of  the  waler-lube  type,  by  Messrs.  Babcock  & 
Wilcox,  and  is  fitted  with  a  mechanical  stoker.  The  feed  water  is 
heated  by  exhaust  steam. 

The  line  commenced  operations  on  November  nth,  1891,  and 
up  to  June  30th,  1894,  the  total  mileage  was  505,337. 

As  no  water  was  available  for  condensing  purposes,  it  was 
necessary  to  use  a  single-cylinder  engine.  This  engine,  as  already 
stated,  is  capable  of  indicating  200  H.P.  at  the  most  economical 
point  of  cut-off,  and  as  the  average  load  does  not  run  beyond 
60  H.P.,  although  the  maximum  load  frequently  reaches  the  full 
capacity  of  the  engine,  great  economy  is  not  to  be  expected  under 
such  conditions. 
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As  will  have  been  seen  from  the  particulars  given  with  Fig.  370, 
the  weight  of  the  motor  is  very  much  greater  than  the  more 
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modern  ones  manufactured  by  the  same  Company,  which  weigh 
only  1)500  lbs.,  as  compared  with  something  over  3,000  lbs.;  but 
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in  spite  of  these  adverse  conditions  and  an  exceptionally  high 
rate  of  wages  paid  to  the  conductors  and  drivers,  it  has  hccn 
possible  to  operate  the  line  for  5*557^.  per  car  mile,  the  details  of 
which  are  given  in  the  subjoined  table. 

Nothing  is  included  in  the  table  for  maintenance  of  the  way, 
This  being  the  property  of  the  Corporation  of  Leeds,  the  tramway 
company  are  not  responsible  for  the  repairs,  but  they  pay  to  the 


I''lG.  375.     Thomson -Houston  Dynamo. 

Corporation  a  nominal  rent — as  slated  in  the  table — which  would 
(it  is  estimated)  be  about  equal  to  the  cost  of  maintenance. 

Again,  there  is  no  allowance  for  depreciation  or  interest,  but 
depreciation  should  not  be  high,  as  the  operating  expenses  of  the 
road  are  considerably  lower  than  when  it  was  first  put  into 
operation. 

Tlie  following  is  the  table  referred  to  : — 
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Operation  Expenses  from  January  ist  to  June  30TH,  1894. 

Wages  of  drivers 335     i  i  \ 

conductors,  inspectors,  cleaners,  etc.      .  462  18  11 -A 

power  station 308  15  3 

Sundry  materials  used  in  car  house,  etc.                  .  29    8  o| 

„             „             „       power  station  .  51  17  o 

Fuel 333  19  6^ 

Maintenance  of  car  equipment         .                         .  161   16  2 

power  station                                    .  94  17  i 

overhead  line          .                 .        .  18  12  5^ 

Salaries— office  and  management    ....  239  12  6 

Stationery  and  printing 15     o  4 

Postage  and  telegrams 5    3  9i 

Rent  of  permanent  way 70  10  6 

Rent,  rates,  and  taxes ^53     8  o 

Freight  and  charges 7  11  2 

Insurance 18  14  i 

Uniforms,  etc. 16     8  3) 

Accountant's  charges 26    5  o 

Miscellaneous  expenses 33    o  2| 

;£2,382  19  6 

Number  of  miles  run  .     102,914 

Cost  per  car-mile  .    5'557d. 


CHAPTER  VIII. 
SOUTH  STAFFORDSHIRE  ELECTRIC  TRAMWAY. 

This  tramway  line  is  one  of  the  only  two  street  tramways  in 
England  worked  by  means  of  an  electric  current  conveyed  by 
bare  conductors ;  the  other  being  the  Roundhay  line,  described  in 
the  last  chapter.  The  South  Staffordshire  line,  8  miles  in  length, 
forms  part  of  the  South  Staffordshire  Tramway  Company's  system, 
of  which  the  total  extent  is  23  miles.* 

The  South  Staffordshire  Tramway  Company  serves  a  district 
whose  population  is  over  300,000,  and  the  lines  form  a  means  of 
communication  between  Birmingham  and  the  towns  of  Walsall, 
Bloxwich,  Wednesbury,  Dudley,  Tipton,  West  Bromwich,  and 
Handsworth,  by  a  junction  with  the  Birmingham  Central  Tram- 
ways. The  whole  system  is  laid  to  a  gauge  of  3J  feet,  with 
6-inch  girder  rails  upon  a  bed  of  concrete;  and  is  paved  with 
granite  setts  between  the  rails  and  for  18  inches  outside.  It  was 
originally  worked  by  steam  locomotives  of  the  Wilkinson  type,  and 
with  the  exception  of  the  8  miles  of  electric  line  all  the  sections 
are  still  so  worked.  The  electric  line  commences  at  a  junction 
in  Wednesbury  with  the  line  from  Handsworth,  passing  through 
the  Market  Place,  along  the  Wednesbury  Road  to  the  Pleck,  where 
it  is  joined  by  another  section  of  the  electric  line  which  connects 
that  point  with  Darlaston.  It  then  passes  along  the  Walsall  Road 
to  Walsall  Bridge,  where  it  again  divides,  one  section  going  to 

*  The  particulars  and  illustrations  here  given  are  taken,  by  per- 
mission, from  a  paper  by  Mr.  Alfred  Dickinson,  A.M.C.E.,  in  the 
Minutes  of  the  Proceedins^s  of  the  Institution  of  Civil  Engineers, 
vol.  cxvii.,  session  1893 — 4,  part  iii. 
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Rushall  and  the  other  to  Bloxwich.    These  sections  were  origin- 
ally opened  for  public  traffic  as  a  steam-tramway  line  in  September, 
1884,  but  objections  being  raised  to  the  use  of  the  steam-engines, 
the  Company  received  an  intimation  from  the  Board  of  Trade  in 
1 89 1  that  it  would  not  be  allowed  to  continue  to  work  the  line  by 
steam.     On  application  to  the  municipal  authorities  to  sanction 
the  overhead  electric-traction  system  as  employed  in  the  United 
States,  the  authorities,  after  visiting  Leeds,  refused  to  sanction 
the  system  as  at  work  there,  chiefly  on  account  of  its  unsightli- 
ness.    The  system  about  to  be  described  was  designed  by  Mr. 
Dickinson  to  overcome  their  objections,  and  they  consented  to  its 
introduction. 

The  principle  of  the  American  system,  whether  the  trolley- wire 
be  suspended  from  the  span*wires  crossing  the  street,  or  from 
brackets  upon  the  poles,  necessitates  the  troIley*wire  following  the 
exact  curvature  of  the  track.  Therefore  the  number  of  span-wires, 
poles,  and  pull-over  wires  is  practically  governed  by  the  physical 
conditions  of  the  road :  the  straighter  the  road  the  fewer  the 
number  of  poles,  cross  wires,  and  pull-over  wires ;  and  the  more 
tortuous  the  road  the  greater  the  number :  the  maximum  being 
reached  in  a  curve  of  90°. 

The  streets  and  roads  along  which  the  South  Staffordshire  lines 
are  laid  are  exceptionally  difficult  to  equip  with  an  overhead  wire, 
because  they  are  very  tortuous  and  of  ever-varying  widths.  There 
are  no  fewer  than  four  90^  curves,  one  of  which  is  of  less  than 
40  feet  radius,  seven  railway  bridges,  most  of  them  with  steep 
approaches,  and  one  canal  bridge  with  a  hog  back,  to  cross  which 
the  cars  have  to  ascend  a  grade  of  i  in  16. 

The  generating-station  of  the  electric  line  is  a  substantial  brick 
building  situated  near  to  the  Birmingham  Canal  on  the  Darlaston 
and  Walsall  Road.  It  consists  of  an  engine-room  59  feet  long 
and  45  feet  wide,  a  boiler-house  47  feet  long  and  39  feet  wide,  an 
octagonal  chimney  stack  120  feet  high,  and  the  necessary  detached 
oil-stores  and  outbuildings.  From  the  canal,  a  basin  has  been 
cut  alongside  the  boiler-house,  to  permit  of  the  unloading  of  the 
coal  from  boats  direct  into  the  stokehole.     In  the  boiler-house 
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there  are  three  Lancashire  boilers  constructed  to  work  at  a  pres- 
sure of  120  lbs.  per  square  inch.  Each  boiler  is  of  steel  through- 
outy  30  feet  long  by  7  feet  in  diameter,  with  internal  flues  2  feet 
9  inches  in  diameter,  each  fitted  with  five  cross  tubes.  No 
economisers  or  mechanical  stokers  are  provided. 

In  the  engine-room  are  three  compound  horizontal  engines  and 
three  d)mamos.  At  100  revolutions  per  minute,  with  a  boiler-pres- 
sure of  120  lbs.  per  square  inch,  each  engine  develops  125  I.H.P. 
The  cylinders,  fitted  with  Corliss  valves,  are  arranged  side  by 
side  with  the  fly-wheel  driving-drum  between  them ;  the  high- 
pressure  cylinder  is  10^  inches,  and  the  low-pressure  20  inches 
in  diameter,  with  a  stroke  30  inches.  The  fly-wheel  driving- 
drums  are  10  feet  in  diameter,  and  are  grooved  for  rope-driving. 
The  dynamos  are  shunt  wound.  They  have  drum  armatures,  and 
at  450  revolutions  per  minute  give  an  output  of  260  amperes  at 
350  volts.  They  are  driven  by  nine  ij-inch  cotton-ropes  led 
direct  from  the  driving-drums  to  a  2 -foot  rope-pulley  keyed  on  to 
a  shaft  which  is  coupled  to  the  armature-shaft ;  when  so  coupled, 
this  shaft  is  carried  in  three  bearings,  the  rope-pulley  running 
between  two  of  them. 

The  centre  bearing  is  between  the  pulley  and  the  armature,  an 
arrangement  which  permits  of  the  armature  being  taken  out  with- 
out disturbing  the  driving-ropes.  Special  devices  have  been 
attached  to  both  the  engines  and  dynamos  for  continually  lubri- 
cating the  main  bearings  during  the  time  of  running.  Upon  the 
main  switchboard  is  arranged,  for  each  dynamo,  a  voltmeter,  an 
ammeter,  resistance-coils  and  an  automatic  cut-out  switch,  the 
magnet  of  which  is  so  set  that  when  the  current  exceeds  the  safe 
load  it  automatically  throws  out  the  switch.  The  connections  to 
and  from  these  switches  are  so  arranged  as  to  allow  any  two  or 
all  three  dynamos  to  be  coupled  in  parallel  at  will.  From  the 
omnibus  bar,  at  the  back  of  the  switchboard,  runs  the  lead- 
sheathed  armoured  cable-feeder. 

This  feeder  is  laid  underground  into  the  road,  where  it  is  buried 
near  the  curb  some  15  inches  beneath  the  surface.  It  extends  in 
the  direction  of  Birchills,  near  Bloxwich,  a  distance  of  3  miles, 
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in  the  direction  of  James  Bridge,  a  quarter  of  a  mile,  and  from 
the  Pleck  it  branches  off  to  Wood  Green,  Wednesbury,  a  distance 
of  I J  mile.     The  whole  of  the  current  from  the  dynamos  is  sup- 
plied through  this  feeder,  which  is  tapped  at  its  extremities,  and 
in  thirteen  places  along  its  length ;  branch  feeders  being  taken 
from  the  main  to  terminals  placed  in  special  boxes  fixed  in  the 
footpath  at  the  bases  of  poles  situated  at  distances  of  about  ^ 
rnile  apart     Upon  each  terminal  are  two  slots,  and  opposite  to 
it,  at  a  distance  of  about  4  inches,  two  other  terminals  are  placed, 
each  having  a  slot.      The  terminab  being  insulated  one  from 
the    other,  connection    is    made    between    them    by  movable 
fuses.     The  connection  between  the  two  single  terminals  and  the 
trolley-wire  overhead  is  made  by  a  flexible  cable  carried  inside  the 
poles. 

The  trolley-wire  (O.  B.  W.  G.)  is  of  hard-drawn  copper.  It  is 
suspended  at  a  height  of  2 1  feet  above  the  road  from  the  arms  of 
the  poles  by  clips  attached  to  *'  ^Etna  "  insulators,  at  varying  dis- 
tances from  the  line  not  exceeding  13  feet.  On  the  trolley-wire 
at  each  of  these  poles,  is  arranged  a  special  device  which  insulates 
one  section  of  it  from  the  adjacent  section,  a  separate  feeder  going 
to  each.  This  arrangement  allows  of  any  half  mile  of  the  line 
being  worked  or  disconnected  independently  of  the  remainder. 
As  the  tramway  is  partly  double  line  and  partly  single  line  with 
turn-outs,  of  which  there  are  thirty-seven  in  all,  used  mostly  as 
passing  places  for  the  cars,  it  was  necessary  to  provide,  as  in 
double  line,  two  trolley-wires,  and,  at  the  end  of  each  turnout,  a 
switch  to  permit  of  the  trolley-wheel  diverging  from  the  single  to 
the  double  wire  and  vice  versd.  It  will  therefore  be  seen  that  as 
the  trolley-wheel  has  double  flanges,  such  a  switch  must  be 
applicable  to  both  a  point  and  a  crossing.  The  device  will  be 
understood  by  reference  to  Figs.  376,  377. 

When  the  trolley-wheel  is  travelling  along  the  trolley-wire  Ai 
and  is  required  to  reach  the  trolley-wire  A^,  the  movable  tongue 
I)  when  closed  forms  a  crossing,  as  it  projects  below  the  tongue 
B  and  permits  the  trolley-wheel  to  pass  under  it ;  but  should  it  be 
necessary  for  the  trolley-wheel  to  pass  from  the  trolley-wire  A  to 
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the  trolley-wire  Aj,  the  movable  tongue  D  is  pulled  over  to  the 
position  Di,  opening  the  point  and  allowing  the  trolley-wheel  a 
clear  passage  in  the  desired  direction.  When  the  trolley-wheel  is 
travelling  from  the  wire  Aa  to  the  wire  Ai,  the  movable  point  D 
being  dosed,  and  projecting  below  the  tongue  B,  permits  the 
trolley-wheel  to  cross  it  and  to  pass  to  the  wire  Ai ;  and  in  the 
case  of  the  trolley-wheel  travelling  from  the  wire  A  to  the  wire  Ai, 
it  passes  along  the  tongue  B  and  opens  the  point  by  pushing  the 
movable  tongue  D  to  the  position  Di — the  point  being  automati- 
cally closed  after  the  passage  of  the  trolley-wheel  by  means  of  the 
helical  spring  I.  The  same  device  is  used  at  the  branch  roads 
in  the  various  car  depots. 

The  poles  form  an  important  part  of  any  overhead  electric 
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Figs.  376,  377.     Switch  for  Points  and  Crossings.     Scale,  ^. 


installation,  as  they  are  always  present  in  the  streets.  Mr.  Dickin- 
son's aim  was  to  design  a  type  which  would  possess  a  maximum 
amount  of  strength  with  a  minimum  weight,  and  at  the  same  time 
have  a  fairly  presentable  appearance  (Figs.  378,  379).  They  are 
made  of  mild  rolled  steel  and  are  30  feet  long.  They  are  built 
in  two  sections,  the  lower  one  being  a  parallel  tube,  and  the  upper, 
18  feet  in  length,  being  tapered  to  the  top.  They  have  buckled 
steel  base  plates,  2  feet  square,  bolted  to  the  bottom,  and 
are  fixed  upon  concrete  foundations,  the  excavation  for  their 
reception  being  also  filled  in  with  concrete.  They  are  made  in 
three  sizes,  the  smallest  size  being  6  inches  in  diameter  at  the  base, 
tapered  to  2i  inches  at  tlie  top.  These  carry  arms  varying  between 
2i  feet  anil  4^  feet  in  length. 
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For  the  double  line,  where  the  rails  are  at  a  considerable  dis- 
tance from  the  footpath,  the  poles  are  7  inches  in  diameter  at  the 
fdot,  tapered  to  3}  inches  at  the  top,  and  have  arms  7  feet  to    10 

feet  in  length.     The  arms  of 
both  sizes  of  the  poles  taper 
from  2f  inches  to  i^  inch  dia- 
meter at  the  end  farthest  from 
the  pole.    It  was  necessary  to 
provide  poles  of  extra  strength 
as  strain-posts  at  the  ends  of 
the  several  lines;  these  are  12 
inches  in  diameter  at  the  base, 
tapering  to  5  inches  at  the  top, 
and  are  of  ^inch  steel.   Thej 
have  attached   to  them  two 
cast-iron  grid  frames,  3  feet 
by  4  feet,  one  at  the  base  and 
the   other  5  feet  higher  up, 
and  the  intervening  space  is 
filled    with    concrete,    which 
forms,  with  the  pole,  a  solid 
block.     This  type  of  pole  is 
also  fixed  in  positions  origin- 
ally occupied  by  lamp-columns 
at  the  junction  ot  the  main 
roads,  and  has  been  fitted  with 
lamp-fittings  in  substitution  of 
those  removed. 
Sixteen  cars  have  been  built, 
each  constructed  to  carry  forty  passengers,  eighteen  inside  and 
twenty-two  outside,  and  weighing,  when  unloaded,  6  tons  13  cwt 
Their  prmcipal  dimensions  are  : — 
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Breadih  over  roof 51 

Height  inside,  from  the  top  of  the  floor  to  the 

under  side  of  roof 6 

Gauge  of  line .3 

Wheel  base 6 

Dista.nce  between  spring-centres        .                 .10 
Diameter  of  wheels 2 


Figs.  380, 


l"he  body  is  strongly  made  and  has  a  bottom  frame  of  channel- 
bar  iioQ.  It  is  distinct  from  the  motor  truck,  and  is  carried 
upon  it  by  eight  springs.  The  wheels  are  fitted  with  two  sets  of 
brakes,  one  to  apply  on  the  inside  of  the  wheels,  and  the  other 
on  the  outside.  They  are  worked  separately  by  hand-wheels 
from  the  platforms  at  the  ends  of  the  cars.  The  cars  are  fitted 
with  Nicholson  automatic  couplings  at  each  end,  and  four  dry 
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sand-boxes,  two  at  each  end.     These  also  are  worked  from  either 
platform. 

Each  car  is  fitted  with  and  driven  by  two  series-wound  single- 
reduction  motors  (Figs.  380,  381).     The  gearing  is  of  the  double 
helical  type,  in  the  ratio  of  four  to  one.     Each  axle  has  an  inde- 
pendent motor,  one  end  being  on  the  axle  by  two  bearings  and 
the  other  by  a  spring.     There  is  also  at  the  latter  end  a  spring 
on  the  top  of  the  motor,  so  that  at  this  point  it  is  between  springs, 
the  bottom  one  supporting  it  and  the  top  one  permitting  vertical 
movement.     By  this  method,   not  only  is  the  pitch-line  of  the 
gearing  maintained,  but  the  shock  to  the  gearing  at  starting  and 
stopping  is  considerably  reduced,  and  the  vibration  of  the  moior 
when  running  is  minimized.     The  armatures  are  drum  wound. 
Ordinary  arc-lamp  carbons  }  inch  in  diameter  are  used  for  brushes, 
laid  lengthwise  along  the  commutator.     The  magnets  are  bi-polar 
with  four  limbs. 

The  cars  are  fitted  with  switches  in  duplicate,  one  set  on  each 
platform.  They  consist  of  reversing,  driving  and  motor-switches. 
Those  last  mentioned  enable  the  driver  to  use  either  motor  at 
will,  or  both  in  parallel.  The  varying  resistance  of  the  rheostat 
in  the  motor-circuit  is  controlled  by  the  driving-switch  at  the 
will  of  the  driver.  As  a  precaution,  and  to  prevent  injury  to  the 
motors  by  careless  driving  or  from  other  causes,  safety-fuses  are 
placed  in  the  motor-circuit.  A  lightning-arrester  is  placed  in  the 
circuit  betwcea  the  trolley-wire  and  the  driving-switch. 

Each  car  is  fitted  with  a  collector,  termed  a  "  trolley  "  (shown  in 
Fig.  382),  a  peculiar  feature  of  Mr.  Dickinson's  system.  In  the 
American  system,  it  is  necessary,  in  addition  to  the  trolley- wire 
following  the  exact  curvature  of  the  track,  for  it  to  maintain, 
within  a  few  inclies,  a  constant  lateral  relation  thereto.  In  Mr. 
Dickinson's  system  this  is  not  necessary,  and  the  trolley-wire  may 
run  in  straight  lines  and  at  ever- varying  distances  laterally  from 
the  track,  not  exceeding,  with  the  trolley-mast  in  use  at  present, 
26  feet. 

The  function  of  the  "  trolley  "  is,  therefore,  to  form  a  continual 
bridge  across  the  varying  horizontal  and  vertical  space  between 
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the  trolley-wire  and  the  car  as  it  passes  along  the  line.  To 
eSect  this  the  apparatus  must  have  a  vertical  and  horizontal 
radial  movement,  and  this  is  ac- 
complished by  placing  upon  the 
roof  of  the  car  a  fixed  socket  into 
which  is  fitted  a  spindle  (see  Figs. 
383,  384).  On  the  upper  end  of 
this  is  formed  a  jaw  to  receive  the 
base  of  the  trolley -mast.  The 
spindle  has  a  free  revolving  move- 
ment in  the  socket,  the  mast  is 
hinged  at  the  top  of  the  spindle, 
and  there  has  a  radial  vertical 
movement  controlled  by  springs 
attached  to  the  base  of  the  "  trol- 
ley "  at  a  suitable  position  on  the 
vertical  spindle.  On  the  end  of 
the  mast  is  formed  another  socket, 
into  which  is  fitted  a  trolley  wheel 
carrier,  Figs,  385,  386,  which  has 
a  spindle  at  its  lower  extremity 
fitting  into  the  socket.  When 
working,  the  trolley-wheel  runs  on 
the  under  side  of  the  trolley-wire, 
and  the  vertical  pressure  to  main- 
tain contact  is  given  by  the 
springs  on  the  heel  of  the  trolley- 
mast  These  springs  are  arranged 
so  as  to  allow  a  maximum  move- 
ment at  the  trolley-wheel  end  of 

the  mast  with  a  minimum  exten-  p.o.  jg^.    Di  igram  shon-ms  Trol- 
sion  of  the  springs.  It-y  ami  C.ir.     Scali.',  ,i-. 

The  trolley-raast  being  attached 
to  the  radiating  spindle,  describes  a  circle  with  a  radius  of  its 
own  length.  Tlie  trolley-wheel  carrier  also  having  a  free  revolving 
movement  in  its  socket  on  the  end  of  the  trolley-mast,  the  trolley- 
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wheel  will,  so  long  as  the  wire  is  withia  the  radius  swept  by  the 
trolley-mast,  accommodate  itself  to  and  mn  parallel  to  the  trolley- 
wire;  the  trolley-mast  will  accommodate  itself  to  the  varying 
distances  of  the  wire  from  the  tramway  to  any  position  within  its 
leach.  This  will  be  better  understood  by  a  reference  to  Fig. 
387,  which  shows  diagramatically  how  the  trolley  can  accommo- 
date itself  to  the  various  positions. 


PlOS.  383,  384.     Detaita  of  Trolley-pole  and  Sundard.     Sole,  A. 

By  this  simple  device,  the  objections  entertained  by  the  Wal- 
sall Municipal  Authorities  to  the  American  system  have  been 
overcome,  as  the  use  of  span-wires,  pull-over  wires,  and  other 
objectionable  features  of  that  system  are  thereby  largely  removed. 

The  whole  of  the  worlc  was  carried  out  by  the  Electric  Con- 
struction Corporation  as  contractors,  to  the  Author's  entire  satis- 
&ction. 
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The  electric  system  of  lines  was  opened  for  traffic  on  the  ist 
January,  1893.  From  that  date  to  the  28th  February,  1894,  the 
cars  have  run  310,115  miles  and  have  carried  1,920,185  pas- 
sengers. From  the  ist  January,  1893,  to  the  31st  December, 
inclusive,  the  cars  ran  262,692  miles,  and  carried  1,668,057 
passengers,  the  local  authorities,  the  public,  and  the  directors  of 
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Figs.  385,  386.    Details  of  Trolley.     Scale,  ^. 


the  tramway  company  alike  being  completely  satisfied  with  the 
results. 

The  line  is  worked  by  the  Electric  Construction  Corporation 
under  a  contract  with  the  Tramways  Company,  and  in  dealing 
with  the  v/orking  cost  for  purposes  of  comparison,  only  those 
charges  where  a  direct  comparison  can  be  made  will  be  dealt  with, 
viz.y  all  those  for  running  and  maintenance  minus  traffic  charges 
and  maintenance  of  permanent  way.  The  following  statement 
shows  the  cost  of  working  several  systems  of  tramway  lines  in 

1893:— 
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Comparative  Statement  of  Cost  per  Cak-milh  for  R^:^ 
ANu  Repairs,  1B93. 
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The  average  cost  for  fuel  on  the  four  lines  worked  by  steam  is 
2'ood.,  electric  accumulator  i'76d.,  cable  o'6od.,  and  overhead 
electric  traction  o'48d-  per  car-mile  run. 

Hitherto  (Mr.  Dickinson  remarks)  it  has  been  most  difficult  to 
obtain  a  direct  compaiison  between   electric  traction  and  any 

*  The  Items  referring  to  steam  traction  include  repairs  of  every 
description ;  those  to  electric  accumulator  traction  include  stationary 
engines  and  boilers,  dynamos,  motors,  batteries,  switches  and  all 


repairs  pertaining  to 
stationary  engines  and  boili 
repairs  incidental  thereto;  t. 
engines  and  boilers,  dynamo; 
cars  and  all  other  repairs 
t  This  item  includes  ar 


stallation ;    to  cable  traction — 

cable,  pulleys  in  road,  cars  and  all 

erhead  electric  traction — stationary 

otors,  poles,  feeders,  overhead  wire, 

electric  system. 

taken  from  depreciation  fund. 
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otiier  system ;  but  such  now  is  not  the  case,  at  any  rale  so  far  as 
the  South  Staffordshire  line  is  concerned,  because  the  electric  cars 
are  running  upon  lines  previously  worked  by  steam. 

When  designing  the  system,  Mr.  Dickinson  was  in  doubt  as  to 
the  amount  of  steam-engine  power  to  provide  in  the  generating- 
station  per  car  on  the  lines,  and  how  to  arrange  its  subdivision,  as 
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the  number  of  cars  upon  the  line  at  different  times  would  vary 
considerably.  However,  he  ultimately  decided  to  split  the  power 
into  three  elements,  so  as  to  be  able  to  reduce  it  to  suit  the 
number  of  cars  running  upon  the  line  at  any  given  time.  He  was 
prepared,  from  his  experience  in  the  working  of  ihe  cable-line  in 
Birmingham,  for  a  considerable  variation  in  the  load ;  but  he 
certainly  never  anticipated  that  its  range  would  be  so  great  in  so 
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short  a  time  as  he  has  found  to  be  the  case.  With  sixteen  cars  on 
the  line,  the  output  has  been  found  to  vary  as  much  as  233  CH.P. 
in  the  space  of  five  seconds,  and  with  eleven  cars  upon  the  road 
as  much  as  202  E.H.P.,  in  the  same  period. 

Taking  into  account  even  the  extraordinary  fluctuations  caused 
during  holiday  times,  the  cost  per  car-mile  for  fuel  is  below  that 
of  cable-traction ;  and  in  this  comparison  it  is  well  to  bear  in 
mind  that  the  power  on  the  cable  route  is  distributed  over  only 
three  miles  of  route  with  double  the  number  of  cars  running,  as 
against  eight  miles  of  route  on  the  electrical  section. 

Mr.  Dickinson  states  that  he  has  had  a  motor  that  had  been 
running  for  fourteen  months  taken  from  a  car  and  tested  with  a 
"  Prony  brake,"  when  its  mechanical  efficiency  was  found  to  be 
78  per  cent. — z.  most  satisfactory  result     At  the  same  time  he 
tested  the  torque  of  the  armature  with  a  current  of  48  amperes 
taken  from  the  trolley-wire  under  normal  conditions,  and  found 
this  would  raise  a  weight  of  141  lbs.  at  the  end  of  a  lever  7  ft 
long.     This  is  equal  to  a  torsional  force  of  1)692  lbs.  weight  on 
the  armature.     Testing  with  a  dynamometer  the  amount  of  pull 
to  be  obtained  on  the  drawbar,  with  all  the  resistance  cut  out  and 
both  motors  in  circuit,  he  found  it  was  i  ton  7  cwt.     He  then 
tested  a  Wilkinson  engine  at  a  boiler-pressure  of  150  lbs.,  with 
cylinders  7  J  in.  diameter  geared  i|  to  i,  and  this  gave  exactly  the 
same  pull. 

Alter  running  for  fourteen  months,  it  is  satisfactory  to  find  that 
it  is  scarcely  possible  to  measure  the  wear  and  tear  upon  the 
trolley-wire. 


CHAPTER  IX, 

THE  NEVERSINK  MOUNTAIN  ELECTRIC 

RAILROAD. 

This  road,  which  was  constructed  in  1890,  is  of  special  interest 
as  the  pioneer  electric  railway  worked  by  turbines.* 

Neversink  mountain,  with  its  electric  railroad,  lies  to  the  east 
of  the  city  of  Reading,  in  Berks  county,  Pennsylvania.  In  the 
accompanying  illustration  (Fig.  388)  not  only  Neversink  mountain 
and  its  railroad,  but  the  contiguous  railroad  lines,  are  shown. 
The  Neversink  line,  encircling  the  mountain,  rises  by  varying 
grades  from  the  streets  of  Reading  up  the  foot  slopes,  and  thence 
along  the  mountain  sides  to  the  summit. 

The  route  usually  taken  by  the  cars  is  from  Ninth  and  Penn 
Streets  to  the  White  House  (Fig.  388),  thence  by  tlie  mountain 
loop  over  the  summit  down  to  Klapperthal  Park  and  the  terminal, 
a  distance  of  6*99  miles.  On  the  return  the  cars  go  over  the 
same  route  as  far  as  the  Upper  Junction,  thence  down  the  Short 
Line,  to  the  main  line,  at  the  Lower  Junction,  past  the  White 
House  and  down  to  Ninth  and  Penn  Streets,  a  distance  of  4*07 

•  See  Test  of  the  Neversink  Mountain  Electric  Road,  by 
Hermann  S.  Hering  and  William  S.  Aldrich,  of  Johns-Hopkins 
University,  U.S.A.,  from  which  publication  the  particulars  and  illus- 
trations given  in  this  chapter  are  taken. 

T  T 
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miles,  making  the  total  length  of  the  round  trip  ti-06  miles.    Xhe 
schedule  time  of  the  round  trip  is  about  one  hour  and  30  minutes. 


including  all  stopi,  though  it  can  be  made  in  one  hour  without 
difficulty. 
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Figs.  389,  390  (Plate  X.),  show  a  plan,  elevation,  and  right- 
side  view  of  the  turbine  plant  (details  of  the  transmission 
machinery  will  be  given  presently) ;  and  Fig.  391  (Plate  XI.) 
the  arrangement  of  the  wiring. 

During  the  summer  of  189 1  the  usual  schedule  for  week-days 
required  a  car  to  leave  the  terminus  every  half-hour,  necessitating 
three  cars  on  the  road,  and  for  Sundays  every  20  minutes,  requir- 
ing four  cars  (or  preferably  five)  for  heavy  travel.  The  schedule 
and  route  are  so  arranged  that  about  half  the  cars  are  going  up- 
grade while  the  others  are  going  down-grade.  This  arrangement 
makes  a  very  economical  distribution  of  power  along  the  road, 
preventing,  as  far  as  possible,  excessively  large  currents,  such  as 
would  be  required  if  all  the  cars  were  on  the  up-grade  at  the  same 
time.  The  speed  of  the  cars  over  the  mountain  is  from  9  to  15 
miles  per  hour. 

The  cars  make  from  eight  to  ten  trips  a  day  usual  running 
time,  averaging  from  88  to  1 1 1  miles  per  car  per  day.  The  seat- 
ing capacity  of  each  car  is  44  passengers,  but  in  heavy  travel  they 
have  carried  as  many  as  170  passengers  per  car.  During  six  weeks, 
in  the  summer  of  189 1,  40,000  passengers  were  carried,  reaching 
a  maximum  of  3,000  per  day  with  five  cars  on  the  road  at  one 
time.  The  company  expected,  with  its  enlarged  equipment,  to 
carry  250,000  passengers  over  the  road  during  the  summer 
months  of  1892. 

Owing  to  the  uncertain  limit  of  the  probable  maximum  load  in 
electric  traction  work,  it  is  necessary  to  operate  the  turbines  as 
prime  movers  at  a  point  much  below  their  known  capacity  at  full 
gate,  because  of  their  inability  to  develop  any  greater  power  than 
that  represented  at  full  gate  and  normal  speed.  This  is  an  anal- 
ogous case  to  that  of  the  series  motor.  Steam-engines,  on  the  con- 
trary, as  prime  movers  in  electric  traction  work,  are  capable  of 
far  exceeding  their  known  rated  capacity  to  meet  the  large  and 
sudden  loads  which  are  on  only  for  a  short  time,  by  reason  of  the 
possibilities  bound  up  in  the  expansive  working  of  the  steam, 
especially  in  the  multiple-cylinder  type. 

The  incompressible  nature  of  the  working  fluid  employed  in 

T  T  3 
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turbines  as  prime  movers  prevents  their  exceeding  the  output,  as 
determined  by  the  dimensions  of  the  machine,  while  the  elastic 
nature  of  the  working  fluid  in  steam-engines  enables  them  to  ex- 
ceed their  rated  dimensional  capacity  for  extraordinary  demands. 
Consequently,  for  electric  traction  work,  turbines  roust  be  operated 
considerably  below  their  maximum  capacity,  or  at  part  gate  during 
the  average  maximum  loads  of  the  day,  so  that  they  will  be 
able  to  meet  the  extraordinary  loads  that  will  be  sure  to  arise  at 
unexpected  times.  As  it  will  be  necessary  for  constructing 
engineers  to  select  turbines  that  will  be  efficient  at  part  gate,  and 
particularly  at  the  ordinary  maximum  of  half  gate,  it  becomes  the 
aim  of  turbine  builders  to  design  wheels  for  traction  purposes  to 
meet  these  particular  requirements. 

Subjoined  are  particulars  of  the  power  employed : — 

Water  Supply. 

Flume,  diameter  in  feet lo 

Nominal  head  of  water,  in  feet iS 

Hercules  Turbines. 

Diameter,  in  inches 45 

Effective  area  of  guide  opening,  square  inches        .                 .     623 
Rated  speed,  revolutions  per  minute no 

Commercial  rated  Performance,  Full  Gate. 

Rated  discharge  of  each  turbine,  cubic  feet  per  minute    .         .  8,833 
Rated  efficiency,  full  gate  and  rated  speed,  in  per  cent.  .      80 

Rated  horse-powrer,  at  this  efficiency,  each  turbine         .         .     240 

Actual  Performance  at  Full  Gate.* 

Actual  discharge,  each  turbine,  cubic  feet  per  minute    .         .  8,588 
Actual  efficiency,  no  revolutions,  in  per  cent.        .        .         .      807 
Maximum  dynamometric  horse-power,  each  turbine        .         .210 


*  The  data  relating  to  the  actual  performance  of  the  turbines  were  obtained 
from  the  results  of  the  test  of  the  Hercules  turbine  made  by  the  Holyoke 
Water  Power  Company,  and  kindly  furnished  to  Messrs.  Hering  and  Aldrich 
by  that  company. 
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Actual  Performance,  about  Half  Gate, 

Mean  position  of  speed  gate,  being  the  proportional  part  of 

the  full  opening  of  the  speed  gate,  in  per  cent.   .        .        -       53*3 
Actual  discharge  at  critical  speed  for  this  gate,  cubic  feet  per 

minute S*S^^ 

Efl&ciency,  critical  speed  100,  in  per  cent        .        .        .        .75*37 

Efficiency,  rated  speed  of  1 10 .     74*4 

Actual  dynamometric  horse-power  of  each  turbine  at  the 

critical  speed  of  100  revolutions  per  minute  .        .        ,    '3^*5 

Actual  dynamometric   horse- power  of   each  turbine  at  the 

rated  speed  of  no  revolutions  per  minute     ....    128*5 

The  jackshaft,  over  the  turbines,  is  driven  from  the  vertical 
turbine  shaft,  through  bevel  gear,  and  drives  the  countershaft 
through  the  main  belt.  Each  dynamo  pulley  is  belted  to  the 
friction  clutch  pulley  on  the  countershaft. 

The  essential  details  of  transmission  machinery  are  shown  in 
the  following  tables  : — 


Geared  and  Belted  Connections. 

Number  of  teeth  on  mortised  crown  gear,  vertical  shaft 
Number  of  teeth  on  jack  gear,  horizontal  shaft   . 
Diameter  of  main  driving  pulley,  in  inches 
Diameter  of  main  driving  pulley,  on  countershaft 
Diameter  of  driving  pulleys  (friction  clutch) 
Diameter  of  pulleys  of  dynamos 
Main  driving  belt,  extra  double,  width  in  inches 
Dynamo  belts,  double,  in  inches 
Length  of  main  driving  belt,  in  feet    . 


49 

31 
108 

66 

60 

26 

45 
15 
83 


Rated  Speeds. 

Turbine  shaft  (vertical),  revolutions  per  minute  .        .        .        .     1 10 

Jackshaft  over  turbines 175 

Countershaft 286 

Dynamos 650 

Speed  of  main  driving  belt,  feet  per  minute        ....  4,950 
Speed  of  dynamo  belts 4»300 


646  ELECTRIC  TR ACTIO tr. 

Distances  between  Shaft  Centre  Lines. 

Between  the  vertical  shafts  of  the  turbines,  in  feet     .        .  .    i6'5 

Between  the  jackshaft  and  countershaft      ....  -    30 

Between  the  countershaft  and  dynamos      ....  .20 

The  transmission  of  the  turbine  power  through  the  mortise 
crown  and  jack  gear  leads  to  a  loss.  On  the  other  hand,  the 
two  belted  connections  to  an  intermediate  countershaft  result 
in  the  usual  loss  of  power  experienced  in  stations  driven  by  steam- 
engines.  These  losses  are  grouped  as  transmission  machineij 
friction  in  the  summary  of  the  test. 

The  additional  loss  through  bevel  gearing  is  inherent  in  this 
method  of  transmitting  the  power  from  the  prime  mover  shaft  to 
the  main  driving  shaft.  The  efficiency  of  the  transmission  ma- 
chinery, however,  is  the  same  as  in  steam-engine  plants,  when 
the  turbine  shaft  (like  the  crankshaft)  is  the  main  driving  one. 
Similarly,  the  driving  of  the  dynamos  by  one  belt  from  the  turbine 
shaft  is  but  an  intermediate  step  for  driving  them  directly  coupled, 
as  has  been  projected  at  the  Niagara  plant,  which  is,  of  course, 
the  most  efficient  method. 

As  at  present  equipped,  there  are  two  Edison  compound- 
wound  loo-kilowatt  railway  generators.  Each  dynamo  has  com- 
plete switchboard  connections,  field  resistances,  ammeters,  fuses, 
and  switches,  and  either  or  both  may  be  connected  with  the 
line  circuit,  and  be  driven  by  either  or  both  turbines.  Lightning 
arresters  are  carefully  placed  in  each  feeder  circuit. 

The  results  of  the  test  show  that  large  variable  loads  on  the 
line  cause  great  speed  variations  in  the  turbines,  as  here  governed 
and  coupled,  resulting  in  considerable  drop  in  the  voltage  at  one 
time  and  considerable  rise  at  another.  Even  with  the  best 
method  of  governing  turbines  now  in  use  these  voltage  variations 
will  be  great — indicating  that  the  dynamos  for  such  plants  should 
be  very  much  over  compounded. 

From  Ninth  and  Penn  Streets  to  the  city  limits  the  line  con* 
struction  is  of  the  ordinary  overhead  type,  with  wooden  side  poles 
and  span  wires.    From  this  point  over  the  mountain  the  construe- 
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tion  is  of  the  side-bracket  type,  with  plain  undressed  wooden  poles 
and  iron  pipe  brackets.  The  poles  are  placed  100  feet  apart,  but 
this  is  often  varied  on  account  of  the  great  variations  in  the  curva- 
ture of  the  road  at  many  points,  frequently  necessitating  puU-offs 
and  anchor  guys. 

The  ground  return  within  the  city  limits  is  made  by  connecting 
the  double-bonded  flat  rails  to  a  No.  4  B.  &  S.  copper  wire  im- 
bedded between  the  rails.  On  the  mountain  the  T-rails  are 
double-bonded  throughout  and  cross-connected  at  two  points,  as 
shown  in  the  wiring  diagram,  Fig.  391  (Plate  XL).  These  cross- 
connections  are  made  with  No.  4  and  No.  00  B.  &  S.  wire.  The 
same  two  sizes  of  grounds  are  used  from  a  point  on  the  line  near 
the  pavilion  to  the  power-house,  while  a  third  ground,  No.  000 
B.  &  S.,  leads  from  a  point  near  the  car-house  to  the  power-house, 
where  these  grounds  are  connected  to  the  dynamo. 

Four  feeders  are  run  from  the  power-house :  a  No.  000  B.  &  S. 
to  the  White  House ;  a  No.  00  B.  &  S.  to  the  Highland  House ; 
a  No.  000  B.  &.  S.  to  a  point  near  Reiner's  Springs  on  the  north 
side  of  the  mountain ;  and  a  No.  i  B.  &  S.  to  a  point  near  No.  13 
turnout.  Mains  of  Nos.  4,  1,0,  and  000  B.  &  S.  are  run  along 
the  entire  route,  except  from  the  Highland  House  to  the  No.  8 
turnout,  in  which  the  No.  00  feeder  is  used  for  both  purposes. 
The  general  distribution  of  the  mains  and  feeders,  and  their  respec- 
tive sizes,  are  shown  in  the  wiring  diagram,  Fig.  391. 

The  line  resistance  was  determined  at  various  points  by  taking 
simultaneous  readings  at  the  power-house  and  on  the  car,  and 
making  the  computations  from  the  current  and  drop  of  potential 
thus  obtained. 

Mean  resistance  over  entire  line,  in  ohms 0*48 

Maximum  resistance  on  the  line,        ^, 0*84 

Minimum  „  „  ,, 0*30 

Mean  drop  of  voltage,  per  cent,  (about) 6'0 

Maximum  drop  of  voltage,  per  cent,  (normal  current)  .  10*5 

Minimum         „  „  „  „  •        •  3*9 

Mean  line  efficiency,  per  cent,  (about) 94*0 

The  track  construction  over  the  mountain  is  of  the  railroad 
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type,  with  56-pound  steel  T-rails,  set  to  standard  gauge  of  4  feet 
8}  inches,  with  standard  tie  system  of  26-inch  spacing,  but  within 
the  city  limits  ordinary  flat  tram-rails  are  used.    The  road  is 
ballasted  with  two  feet  of  crushed  stone,  and  has  withstood  the 
most  severe  storms,  with  no  wash-outs. 
Road  data  are  given  as  follows : — 

Track. 

Feet.  Miles. 

Length  of  road,  including  short  line        .        .        .  41,116  7787 

Length  of  straight  track  (41*5  percent,  of  total)      .  17,066  3*232 

Longest  stretch  of  straight  track      ....  2,000  0*379 

Average  length  of  straight  portions  of  track    .        .         3047  0*058 

Curves. 

Eight  35  to  40  degree  curves,  mean  length        .        .        .278  feet. 
Two  40  degree  curves  on  a  5  per  cent,  grade. 
The  longest  is  a  35  degree  curve,  3*5  per  cent,  grade, 

length 525 

Ten  20  to  30  degree  curves,  mean  length  .        .        .        *     Z77 
The  longest  is  a  25  degree  curve,  near  Highland 

House,  length 654 

Forty- six  10  to  20  degree  curves,  mean  length  .        .        .      251    „ 
The  longest  is  a  20  degree  curve,  3 '64  per  cent,  grade, 

length 690 

The  steepest  is  a  20  degree  curve,  6*4  per  cent,  grade, 

length 251 

Eighteen  o  to  10  degree  curves,  mean  length   ,        .        .      378 
The  longest  is  a  i  degree  40  minute  curve,  3*94  per 

cent,  grade,  length 1*047 

The  steepest  is  an  8  degree  curve,  4  per  cent,  grade, 

length 460 

The  average  curvature  (e.xcluding  straight  track)  of  82 
cur\'es .     17*35  deg. 

Grades. 

Sixteen  grades,  varying  from  i  to  6-4  per  cent.  Feet,  Miles. 

The  shortest  grade  is  a  I -oo  per  cent.       .  .      400  0*07 

The  longest  grade  is  the  3*64  per  cent.      .  .  1 1,575  2*19 

The  steepest  grade  is  the  6*4  per  cent.  .      925  o*i8 

Mean  ascending  grade,  round  trip,  374  per  cent. 

Total  length  of  ascending  grades      .        .  .  27,805  5*26 

Total  car-lift,  round  trip 1,040*1 


it 
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Mean  descending  grade,  round  trip,  3*45  per  cent.     Fe«t.  Miles. 

Total  length  of  descending  grades    .        .        .30,170        572 
Total  car-drop,  round  trip  ....    1,040*1 

Mean  grade,  Ninth  and  Penn  to  Klapperthal,   vi& 

Short  Line,  371  per  cent. 
Mean  grade  Ninth  and  Penn  to  Klapperthal,  vid 

Neversink  Mountain  Hotel,  3*475  per  cent. 
Mean  grade  of  the  entire  road,  3*53  per  cent. 

The  following  table  gives  the  speed  of  regular  passenger  cars  on 

the  usual  round  trip  : — 


Ninth  and  Penn  to  Klapperthal  (over 
the  mountain) 

Klapperthal  to  Ninth  and  Penn  {^ia 
Short  Line) 

Round  trip.  Ninth  and  Penn  and  re- 
turn     


Including  Stops. 


9-8 
8-1 

875 


Excluding  Stops. 

10.9 

10 

10*5 


Running  Time. 


Ninth  and  Penn  to  Klapperthal  (over 

the  mountain) 1 

Klapperthal  to  Ninth  and  Penn  (f/^  l 

Short  Line) 

Stop  at  Klapperthal      .         .         .         .1 
Round  trip.  Ninth  and  Penn  and  re- , 

turn I  hr.  17  min.  ,    i  hr.  3  min. 


42f  mm. 

30^  min. 
4    min. 


38^  min. 
24^  min. 


Stops  for  few  passengers,  require  from  J  to  ^  minute. 
Stops  at  regular  stations,  require  from  ^  to  i\  minutes. 
Stops  due  to  connections  injunctions  are  about  4  minutes. 
Stops  at  Klapperthal  terminal  are  about  4  minutes. 


In  the  subjoined  Table  is  given  a  summary  of  power  distribution 
and  efficiencies,  made  with  special  test  car  No.  4,  on  the  two  prin- 
cipal grades,  3*64  per  cent,  and  3*94  per  cent.,  no  other  car  being 
on  the  road  at  that  time.  The  mean  speed  on  the  grades  is 
exclusive  of  stops.  Weight  of  car  alone,  22,000  pounds;  with 
load  during  test,  22,500  pounds. 
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Grade  on  which  reading  is  taken. 


3*64  per  cent. 


34*0  per  cent. 


Time  and  time  interval  on  grade. 


Conditions. 


... 
... 


Speed  of  turbine  shaft 

Gate  opening,  No.  i  turbine 

,,            No.  2  turbine  (fixed  gate) 
Speed  of  car,  miles  per  hour 

PovvKR  Delivered. 

Hydraulic  H.P.  delivered  to  turbines  

Turbine  H.P.  delivered  to  transmission  machinery 

H.P.  delivered  to  dynamo        

£. H.P.  delivered  to  line  

E.H.P.  delivered  to  car  motors         

H.P.  delivered  at  car  axles     

Power  Lost. 

Turbine  friction  H.P 

Trans,  machinery  friction  H.P. 

Dynamo  losses 

Line  losses 

Cur  motor,  gearing  and  axle  losses  ... 

Total  losses,  Hydraulic  H.P.  to  car  axle  H.P 
H.P.  av.tilable  at  car  axle  

Total  Hydraulic  H.P.  delivered        

PROPORTION.\L   1*ARTS   OF   Fl'I.L  LoAD. 

Hj'draulic  load,  prr  cent,  of  full  hydraulic  H.P. 
Turbine  load,  per  cent,  of  full  turbine  H.P. 
Dynamo  lo.ad,  per  cent,  of  full  dynamo  output 
Motor  load,  per  cent,  of  full  motor  output... 

PRRCKNTAGH    DiSTRIBl'TION. 

Turbine  friction,  pi-r  cent,  loss  

Trans,  machinery  friction        

Dynamo     

i^ine...         ...        ...        ,.  ...        ,,,        ... 

Car  motor,  jjearinff  and  axle  losses 

Available  power  at  car  axle 

Total  hydraulic  power       

Summary  ok  Efficiexcies. 

Efficiency  of  No.  I  turbine      

No.  2  turbine       

coupled  turbines 

trans,  machinery 

,,  No,  1  dynamo      

,,  line  mean,  for  given  grade 

,,  car  motors,  from  terminals  to  car  axle 

Efficiency  from  dynamo  terminals  to  car  ax'e 
Hydraulic  HP.  to  line  H.P. 
M  Hydraulic  H.P.  to  car  axle  H.P.. 


"-37-30 


Steady. 


97*0 
3i'7 
»7-4 
"•4 


ICO'O 

4«-5 
460 

34".SO 


96-8 

37'i 
7-6 

2*5 
11*5 


1 55*5 
34'5 


IQO'O 


3&-2 

22-5 
l6-2 

"7»-5 


•509 
•195 
•040 
•013 
•061 
•x8a 


1*000 


"-3*-45 
to 

"-39-3<| 


58-7 
33-8 

49*1 
6o*2 
86-«; 
94' 8 
750 

7I-2 

2V5 

X8'2 


Mean- 


98-5 
30*0 

17-4 
11-43 

187-0 
887 

53-15 
45*9 
431 
3»*9a 

98-3 
3555 

725 

2-8 

ix-i8 


i5«;*o8 
3 1 '92 


187-0 


35'7 
2 1 '4 

34-2 
68-8 


•526 

•187 
•038 
•015 
-063 
'171 


i-ooo 


57-4 

32*9 
47*4 
599 
^6-3 

94*o 

74-2 
69-7 

24\'> 

17-1 


xa-6-0 
za-8-OL         XQ 

12-16-0- 


Steady. 


97H) 

3I-0 

17*4 
12-4 


i88-2 

91*4 

55:1 
47*6 

44*8 
33*7 


96-8 
36*3 

in 


154*5 
33*7 


x88-2 


35*9 

82' X 

35  5 
715 


•514 
-104 

-040 
•014 
•059 
•179 


x'ooo 


580 
34*0 

48-5 

6o-3 
86-4 

94*1 
75*2 
70-8 

253 
J7*9 


Mean. 


lOx'S 

»7'4 
10*62 


184-2 
86-0 
5i"9 
44V 
42-3 
31*78 


98*2 

34-1 
7-2 

«4 
io*52 


152-42 
31*78 


184*2 


35  "2 

20'6 

33*3 

67-7 


*533 
•185 

'039 
'013 

•057 


x'ooo 


55-8 

3i"4 
46*7 
60-4 
86-1 
94*8 
75*1 

71*2 

24*2 
i7'a 


PART  VII. 
SUPPLEMENTARY  CHAPTERS. 


CHAPTER   I. 

OIL    MOTOR. 

The  Connelly  oil  motor  has  been  at  work  on  the  Greenwich 
and  the  Croydon  Tramways  since  the  beginning  of  1893.  **  The 
engine,  which  is  fixed  in  a  small  car,  has  a  pair  of  overhead 
cylinders  driving  a  crank-shaft,  and  is  capable  of  developing 
i2-horse  power  on  the  brake.  The  mineral  oil  is  stored  in  a 
cylindrical  tank  placed  within  another  cylinder  and  carried  above 
the  engine.  The  engine-cylinders  are  kept  cool  by  means  of 
water-jackets,  and  the  water  used  for  this  purpose  is  pumped  up 
to  the  oil  tank  and  circulates  around  it  in  the  annular  space 
between  it  and  the  outer  cylinder.  On  leaving  the  jackets  of  the 
engine-cylinders  the  temperature  of  the  water  is  about  no  deg. 
Fahrenheit,  and  this  is  sufficient  to  heat  up  the  oil  to  a  point  at 
which  it  gives  off  the  vapour  utilised  in  driving  the  engine.  After 
having  imparted  heat  to  the  oil,  the  water  flows  down  to  a  nest  of 
tubes  placed  under  the  car  and  exposed  to  the  atmosphere.  In 
flowing  through  the  tubes  the  water  becomes  cooled  down  suffi- 
ciently to  be  used  for  cooling  the  engine  cylinders,  to  which  it  is 
pumped  up.  The  water,  in  fact,  is  kept  in  constant  circulation, 
first  cooling  the  engine  cylinders,  then  warming  the  oil,  and 
afterwards  being  cooled  down  for  use  over  and  over  again.    The 
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ignition  of  the  charge  of  gas  in  the  engine-cylinder  is  effected  by 
electricity,  there  being  a  small  dynamo  in  the  car  in  which  the 
engine  is  mounted.  This  dynamo  is  driven  by  a  strap  from  the 
engine,  and  the  current  is  stored  in  an  accumulator  used  for 
igniting  the  charge,  as  well  as  for  lighting  the  car  at  night  The 
gearing,  by  means  of  which  this  locomotive  is  driven  and  the  speed 
regulated,  is  very  ingenious.  As  the  speed  of  a  gas-engine  cannot 
be  varied  like  that  of  a  steam-engine,  it  has  to  be  run  at  a  nearly 
uniform  rate,  the  speed  being  controlled  by  the  transmitting  gear- 
ing. This  consists  of  an  iron  disc,  30  inches  in  diameter,  which  is 
mounted  vertically  on  the  end  of  the  crank-shaft.  On  a  vertical 
shaft  set  parallel  with  the  disc  is  a  friction-pulley,  12  inches  in 
diameter,  and  capable  of  being  moved  up  and  down  on  the  shaft. 
When,  however,  it  is  revolved  by  contact  with  the  disc,  the  shaft 
on  which  it  is  mounted  revolves  with  it  and  transmits  motion 
through  gearing  to  the  driving  wheels.  The  pulley  can  be  moved 
up  and  down  its  shaft,  farther  from  or  nearer  to  the  shaft,  at  the 
will  of  the  driver.  At  starting  the  pulley  is  brought  into  contact 
with  the  disc  near  its  centre,  which  gives  a  slow  motion  with  great 
power.  For  increasing  the  speed  the  pulley  is  moved  up  its  shaft, 
and  consequently  approaches  the  edge  of  the  disc,  by  which  means 
it  is  revolved  more  rapidly.  When  it  is  desired  to  slacken  speed, 
or  to  stop  the  car,  the  friction-pulley,  still  in  contact  with  the  disc, 
is  moved  down  to  near  the  centre,  at  which  point  it  can  be 
slightly  removed  from  the  face  of  the  disc.  As  the  engine  cannot 
be  reversed,  clutch  gearing  is  employed,  and  is  placed  under  the 
car,  and  at  the  end  of  each  journey  it  is  set  to  drive  the  locomotive 
forwards  or  in  the  opposite  direction  as  may  be  required.  In  this 
engine  the  products  of  combustion  pass  away  noiselessly  and  with- 
out smell,  neither  is  there  any  escape  of  the  vapour  of  the  oil, 
the  consumption  of  which  is  very  low.  From  a  return  of  seven 
days'  working — 14  hours  a  day — it  appears  that  350  trips  were 
made,  covering  507*85  miles,  and  carrying  4,182  passengers,  with 
a  total  consumption  of  70  gallons  of  oil.  On  recently  making  a 
few  runs  with  this  engine  we  found  it  to.  work  most  satisfactorily, 
taking  gradients  and  sharp  curves  well,  maintaining  the  Board  of 
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Trade  regulation  speed  of  eight  miles  an  hour  easily,  and  being 
evidently  capable  of  a  far  higher  speed."  * 
*  Professor  W.  C.  Unwin  reports  that  the  Connelly  oil  motor, 
running  daily  on  the  Croydon  Tramway,  takes  an  ordinary  tramcar 
for  forty  passengers  over  the  line,  having  gradients  of  i  in  20,  at  an 
average  speed,  including  stoppages,  of  4*65  miles  per  hour.  The 
car  is  completely  under  control,  and  starts  and  stops  on  gradients 
without  difficulty  or  shock. 

Mr.  John  S.  Comrie  reports  the  result  of  one  week's  test-trials 
at  Croydon,  in  December,  1893,  "during  which  the  motor 
travelled  291*5  car-miles,  carried  1,465  passengers,  and  consumed 
48^  gallons  of  oil,  the  time  on  duty  being  64*916  hours,  and  the 
rate  of  speed  4*49  miles  per  hour,  the  speed  being  regulated  by  the 
horse  traffic.  If  required,  the  motor  can  be  geared  to  run  16  miles 
an  hour. 

'*  The  small  number  of  miles  run  and  the  passengers  carried  in 
a  week  arises  from  the  motor  only  having  been  on  duty  in  the 
afternoons  and  evenings  to  suit  the  requirements  of  the  Croydon 
Tramways  Company. 

"The  route  was  from  Poplar  Walk  to  the  Thornton  Heath 
terminus  of  the  Croydon  Tramways,  a  portion  of  the  line  afford- 
ing a  very  varied  and  severe  test,  as,  in  addition  to  loops  or 
passing  places  inseparable  from  a  single  line,  there  are  several 
considerable  curves  and  gradients,  the  most  severe  being  one  of 
5  per  cent.  The  motor,  with  car  and  load,  accomplished  these 
satisfactorily,  on  one  occasion  ascending  the  greatest  gradient 
with  a  car  weighing  over  2  J  tons  and  containing  46  passengers, 
and  at  all  times  was  under  perfect  control  as  regards  shunting, 
starting  and  stopping,  the  last  two  operations  being  performed  in 
15  seconds,  without  shock  to  passengers. 

"  With  regard  to  the  special  feature  of  the  motor  which  distin- 
guishes it  from  all  those  hitherto  suggested,  the  gear  transmitting 
the  power  of  the  engine  to  the  wheels  works  excellently,  is 
extremely  ingenious,  and  perfectly  solves  the  hitherto  impossible 
problem  of  adjusting  the  invariable  speed  of  a  gas  or  oil  engine 

•  The  Times,  March  20th,  1893. 
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to  the  varying  speed  requisite  in  a  tramcar,  and  gives  simultaneouslj 
the  maximum  of  power  and  the  minimum  of  speed  essential  to  the 
satisfactory  start 

''  The  consumption  of  oil  is  *i66  gallon  per  mile,  or  '747  gallon 
per  hour,  and  placed  in  a  locked  reservoir  under  my  supervision, 
and  the  route  being  personally  measured,  and  the  hours  of  duty. 
My  investigation  proves  the  capacity  of  the  motor  to  perform  the 
ordinary  daily  tramway  duty  of  72  miles  per  day  without  having 
to  re-enter  the  depot  to  be  re-charged  with  oil,  as  its  reservoir  is 
capable  of  containing  not  less  than  14  gallons. 

'^The  above  results  having  been  obtained  on  a  single  line^ 
allowing  only  of  a  speed  of  less  than  4^  miles  an  hour,  it  may  be 
fairly  deduced  that  those  attained  on  a  double  line,  where  a  speed 
of  6  miles  an  hour  would  be  practicable,  should  be  considerably 
better.  The  wear  of  the  face-plate  abutting  on  transmission  gear 
was  so  slight  as  to  be  scarcely  appreciable." 


CHAPTER   II. 

COMPRESSED  GAS  MOTOR. 

A  MOTOR,  driven  by  compressed  coal-gas,  has  lately  been 
introduced  by  the  Traction  Syndicate,  Limited,  as  an  economical 
means  of  tram-car  propulsion.  A  public  trial  of  the  motor  on  the 
line  of  the  Croydon  and  Thornton  Heath  Tramways  Company  is 
reported  in  the  public  press,  the  car  and  its  motor  being  now,  as  a 
result  of  the  trial,  in  regular  work  on  the  line  referred  to.* 

The  motor  is  placed  under  the  tram-car  together  with  three 
cylindrical  gas-holders.  The  machinery  occupies  the  space  under 
one  of  the  seats  of  the  car,  whilst  one  of  the  gas-holders  is  carried 
under  the  opposite  seat,  the  other  two  holders  being  placed  trans- 
versely under  the  car-framing.  The  three  reservoirs  will  hold  a 
sufficient  supply  of  gas  to  serve  for  an  eight-mile  run. 

The  car  is  described  as  "  not  noticeably  different  from  a  horse- 
car  ;  it  runs  quietly  and  easily,  emitting  neither  smoke  nor  steam, 
and  is  quite  under  control.  Inside  passengers  can  hear  a  slight 
rumble  of  machinery,  and  perceive  a  trifling  vibration,  but  practi- 
cally there  is  nothing  to  detract  from  their  comfort  Neither  they 
nor  bystanders  in  the  street  can  perceive  any  machinery  whatever, 
for  the  engine  and  gearing  are  entirely  enclosed,  the  motor  lying 
under  one  seat,  and  the  wheels  and  clutches  under  the  floor  of 
the  car." 

The  car  is  about  i8  feet  long,  and,  with  the  machinery,  weighs 
5^  tons.  It  is  driven  from  either  end,  there  being  a  starting  and 
stopping  lever  and  a  hand-brake  on  each  platform.    The  motor, 

*  For  reports  of  the  trial,  see  Times  of  20th  June,  1893,  and 
Engineering  oi  22nd  June,  1893, 
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which  is  of  the  Otto  type,  and  is  specially  constructed  for  tramway 
work,  has  a  slow  and  a  quick  speed,  although  the  latter  cannot 
exceed  the  maximum  of  eight  miles  allowed  by  the  Board  of 
Trade.  The  ignition  of  the  charge  in  the  motor  cylinders  is 
effected  by  electricity,  and  the  cylinders  exhaust  into  a  condenser, 
so  that  it  is  cleansed,  no  smell  arises,  and  no  public  nuisance  is 
created  by  the  escape  of  the  products  of  combustion  into  the 
atmosphere. 

The  driver  stands  on  the  end  platform,  with  the  usual  brake 
handle  beside  him,  and  in  front  of  him  a  lever  which  operates  the 
clutches  controlling  the  gearing.  With  the  lever  vertical  the 
engine  is  out  of  engagement  with  the  axles ;  when  the  lever  is 
placed  to  one  side  or  the  other,  the  slow  or  the  fast  gear  is  in 
engagement. 

The  motor  has  two  cylinders,  placed  face  to  face  at  opposite 
sides  of  the  crank-shaft,  and  both  driving  on  to  one  crank.  At 
one  end  of  the  shaft,  that  nearest  the  side  of  the  car,  is  a  fly- 
wheel, and  at  the  other  end  a  pinion,  gearing  into  a  wheel  on 
the  first  motion  shaft  which  lies  under  the  floor  of  the  car. 
On  this  shaft  are  two  pinions,  either  of  which  can  be  made  to 
drive  a  second  motion  shaft,  the  large  pinion  giving  a  speed  of 
eight  miles  an  hour  to  the  car,  and  the  small  pinion  half  that 
speed. 

Each  of  these  pinions  is  furnished  with  a  friction  clutch,  con- 
sisting of  two  discs  with  a  ring  of  beechwood  between  them.  One 
disc  is  set  up  towards  the  other  by  means  of  bell-cranks  and  spring 
toggle  arms  pivoted  to  a  sliding  collar,  the  arrangement  being 
such  that  when  the  clutch  is  in  engagement  the  pressure  of  the 
arms  is  about  at  right  angles  to  the  shaft,  and  there  is  no  end 
thrust  on  the  sliding  collar.  The  second  motion  shaft  is  geared 
to  the  axles  by  pitch  chains.  For  driving  in  the  opposite  direc- 
tion, the  rotation  of  the  first  motion  shaft  is  reversed  by  means  of 
intermediate  wheels  and  claw  clutches. 

Although  with  gas-driven  car  the  engine  must  not  be  stopped  en 
route^  but  must  run  constantly,  whatever  the  car  may  do,  it  is  suscep- 
tible of  a  certain  amount  of  regulation.  When  the  work  is  light,  the 
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governor  cuts  off  the  gas  supply  to  one  cylinder  entirely,  the  other 
doing  all  the  work.  The  governor  is  loaded  by  a  spring  on  the 
spindle,  and  also  by  weights  on  an  external  lever,  and  these 
weights  can  be  lifted  by  the  same  handle  that  operates  the 
clutches.  By  this  means  the  speed  of  the  engine  is  reduced  by 
some  50  per  cent,  when  the  car  is  standing,  and,  further,  the  gas 
admission  is  delayed  till  half-stroke,  with  the  result  that  the  explo- 
sion is  rendered  much  more  gentle,  and  less  likely  to  give  rise  to 
vibration. 

The  charging-station  is  at  the  depot  of  the  Croydon  and  Thorn- 
ton Heath  Tramways  Company,  at  Thornton  Heath,  where  an 
8-horse  power  Otto  gas  engine  drives  a  compressor.  By  this  latter  the 
gas,  which  is  taken  from  the  gas  company's  mains,  is  pumped  into 
a  steel  cylindrical  receiver  25  feet  in  length  and  4  feet  in  diameter, 
at  a  final  pressure  of  ten  atmospheres  as  a  maximum,  or  150  lbs* 
per  square  inch.    This  plant  is  equal  to  the  supply  of  five  tram- 
cars,  the  number  which  it  is  intended  to  place  on  the  line  for  the 
present.     Five  more  are  to  be  added  in  due  course,  when  another 
compressor  and  receiver  will  be  put  down  and  will  be  driven  by 
the  present  engine,  which  is  of  sufficient  power  for  the  purpose. 
From  the  receiver  a  pipe  is  laid  down  to  the  tram-car  charging- 
point,  the  cylinders  on  the  car  being  charged  in  the  same  way  as 
those  of  railway  carriages  are  charged  with  gas  for  lighting  purposes. 
The   pressure  in    the  tramcar  cylinders  is  about  eight  atmos- 
pheres, or  120  lbs.  per  square  inch,  at  starting. 

It  carries  28  passengers  in  all,  and  makes  a  very  fair  speed,  the 
limit  allowed  by  the  Board  of  Trade  being  8  miles  per  hour.  With 
the  slow  gear  it  will  readily  mount  an  incline  near  Thornton  Heath 
station  of  i  in  23,  with  a  short  piece  of  i  in  16,  and  in  coming 
down  it  can  be  stopped  by  the  brakes  in  its  own  length.  It  also 
goes  round  a  curve  of  35  feet  radius  on  a  i  in  27  grade.  Its 
weight,  filled  with  passengers,  is  5  J  tons.  The  first  cost  of  the 
car,  with  its  motor,  it  is  stated,  is  not  greatly  different  from  that 
of  a  horse-car  with  its  n  horses.  For  gas  it  costs  id.  per  mile^ 
against  3Ad.  per  mile  for  fodder  and  bedding  for  horses.  So  that 
it  starts  with  an  advantage  of  2^d.  per  mile. 

IT  u 


CHAPTER  III. 

SUMMARY  REMARKS  ON  MECHANICAL  MOTORS. 

Mechanical  motors  in  considerable  variety  have,  in  addition  to 
horses,  been  passed  in  review : — compressed-air  locomotives,  steam 
locomotives,  fireless  locomotives,  cables,  electric  locomotives.  In 
addition  to  these  may  be  noted  oil  motors,  and  compressed-gas 
motors,  of  recent  introduction.  The  practice  of  the  Birmingham 
Central  Tramways,  on  which  four  systems  of  traction  have  been 
in  work  for  some  years,  afifords  a  means  of  making  direct  com- 
parisons under  like  general  conditions  of  gradients,  &c.  The 
receipts  and  expenses,  shown,  page  85,  averaged,  for  the  three 
years  ending  June  30,  1891,  1892,  and  1893,  as  follows : — 


Three  years  ending  June  30, 1893. 


Steam     . 
Horse     . 
Cable 
Electric  . 


93- 

Average  Receipts 
er  mile  run. 

Average  Expenses 
,         per  mile  run. 

■ 
• 

■ 

Pence. 

11-05 
12-57 
15-09 

Pence. 
11-41 

6-28 
13*95 

_ 

. 

Here  the  cable  system  of  traction  is  conspicuously  the  lowest 
in  working  cost :  6*28  pence  per  mile,  followed  by  9*89  pence  for 
horse-power,  11-41  pence  for  steam-power,  and  13*95  pence  for 
electric  power  by  the  accumulator,  which  is  more  than  twice  the 
cost  for  cable-power. 

Carefully  prepared  comparative  estimates  have  been  drawn  up 
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by  Mr.  C.  B.  Fairchild,*  showing  the  capital  and  working  costs 
of  cable  roads  and  electric  roads.  The  estimates  are  for  three 
miles  of  double-track,  with  the  power  station  near  the  centre  of 
the  line.  Trains  consisting  of  a  motor  car  in  one  case  and  a  grip 
car  in  the  other,  with  a  trailer,  run  on  a  four-minute  headway, 
requiring  1 5  trains.  This,  of  course,  gives  the  same  car  mileage 
as  30  single  cars  on  a  two-minute  headway  would  run.  The 
average  speed  calculated  on  ,is  about  6  miles  an  hour,  the  maxi- 
mum being  8,  and  the  cars  run  19^  hours  a  day.  Summaries  of 
the  estimates  are  as  follows  : — 


Electric— Road  Cost. 

Road  bed 

Special  street  construction   . 
Overhead  construction 
Special  overhead  construction 
Power-house  and  plant 
Rolling  stock  and  equipment 
Car  bam  and  repair  shops  . 
Auxiliary  appliances    . 
Engineering,  legal,  and  miscellaneous,  at  $5,000 
per  mile         .... 


Dollars. 
l63,822'80 

1,811-50 

16,361-40 

418*00 

i34>750'oo 

74,625-00 

40,000*00 

8,650-00 

15,000-00 


Total  for  three  miles  double  track    .  455,438*70 


Cable.— Road  Cost. 

Power-house  and  plant 
General  street  construction 
Special  street  construction 
Rolling  stock      .... 
Car  barn  and  repair  shops 
Auxiliary  appliances 
Engineering,  legal,  and  miscellaneous,  at 
per  mile 


84,000 


Dollars. 
102,000 

304.396 
28,500 

33,000 

37.500 

6,050 

12,000 


Total  for  three  miles  double  track    .         523,446 

Putting  the  figures  into  British  money  roughly,  it  will  be  seen 
that  the  electric  road   is   estimated   to   cost   ;^9 1,088,  against 

*  See  Street  Railways :  their  Construction^  Operation^  and  Maintenance, 
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^104,689  for  the  cable.  This  is  ;£'3o,363  per  mile  double- 
track  for  the  former,  and  ^34,896  for  the  latter. 

The  cost  of  constructing  a  longer  electric  line  would  be  in 
direct  proportion  to  the  number  of  miles,  and  the  cost  for  power 
plant  will  increase  according  to  the  number  of  cars,  but  the  cost 
of  real  estate,  power  and  car  houses,  will  remain  the  same  for  a 
considerable  increase  of  mileage  or  traffic.  Similarly,  for  the 
cable,  the  cost  of  street  construction  would  be  in  proportion  to 
the  length  of  the  line,  but  one  power-house,  if  properly  located, 
and  one  main  vault,  will  answer  for  a  six-mile  line.  Under  favour- 
able conditions  one  station  will  serve  for  operating  half-a-dozen  or 
more  lines.  Be  sides  that,  the  cost  of  additional  cable  cars  and 
engine-power  would  be  a  mere  trifle  compared  to  that  of  the 
additional  electric  cars,  dynamos,  and  engine-power. 

Mr.  Fairchild's  estimates  of  the  working  costs  per  day  for  an 
electric  line  and  a  cable  line,  constructed  according  to  the  fore- 
going estimates,  are  as  follows  : — 


Electric  Road.— Working  Cost  per  Day. 

Twelve  tons  of  coal  at  $2*50 

Water,  oil,  and  grease  for  engines,  generators,  cars, 

and  motors 

Depreciation  of  plant  and  rolling  stock 

Sixty-six  motor-men  and  conductors  at  $2      . 

Engineers,  firemen,  and  dynamo  tenders 

Car-house  service,  inclusive  of  cleaning,  inspection,  &c 

Power  and  car-house  expenses       .... 

Track  service 

Repairs  to  engines,  generatorsi  line  machinery,  electric 

power  equipment,  and  miscellaneous 
Repairs  to  cars,  trucks,  and  motors 
Repairs  to  track,  overhead  construction,  and  building: 
Track  cleaning,  train  and  shop  expenses 
Injury  to  persons  and  property        .... 
Legal,  secret  service,  and  insurance 

Licences  and  taxes 

General  and  miscellaneous  expenses 

Total        .... 


Dols. 

30 

10 

38 
132 

25 

20 
6 
8 

13 

;« 

47 

14 
10 

8 

mm 
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Cable  Road.— Working  Cost  per  Day. 

Dols. 

Five  and  a-half  tons  coal  at  92*50          ....  13} 

Water,  oil,  and  grease •  3i 

Depreciation  of  rope 35 

Sixty-siz  grip-men  and  conductors  at  $2  -132 

Power  and  car-house  service 28 

Track  service 8 

Repairs  to  engines  and  line  machinery          ...  2 

Repairs  to 'grips  and  cars 7 

Repairs  to  track  and  buildings       ....  6 

House,  track,  and  cable  expenses          ....  6 

Injury  to  persons  and  property 4 

Licences  and  taxes 7 

General  and  miscellaneous  expenses  .  -23 

Total 275 

The  items  are  carefully  stated  in  the  same  form  where  that  is 
possible,  and  the  different  class  of  work  renders  it  impossible  in 
others.    The  great  economy  in  the  matters  of  coal  and  repairs 
with  the  cable  system  is  readily  noticeable.     With  a  maximum 
speed  of  8  miles  an  hour  (the  average  being  about  6)  for  19}- 
hours  per  day,  each  train  would  make  no  miles  per  day,  and  15 
trains  would  make  1,650  train-miles,  or  3,300  car-miles.    The 
total  operating  expenses  would  therefore  be  14-5  cents  per  car- 
mile  for  the  electric,  and  rather  over  8'3  cents  for  the  cable. 
The  point  is  that  the  cable  is  fully  3d.  per  car-mile  cheaper  to 
work  on  a  two-minute  (car)  headway   than   the  electric  road. 
This  on  the  mileage  gives  a  saving  of  over  j[^/^\  per  day,  or 
^12,911  per  year,  exclusive  of  Sundays.    At  5  per  cent,  interest 
that  represents  a  capital  of  ^^258,2 20.     It  can  thus  be  readily 
seen  that  in  the  long  run  the  cable  is  much  cheaper  than  the 
electric  system  for  heavy  work.      In  estimating  the  operating 
expenses  of  cable  tramways,  it  has  to  be  remembered  that  about 
one-half  the  cost  remains  unchanged  by  any  alteration  in  the 
amount  of  the  traffic,  while  the  other  half  varies  as  the  traffic 
varies.    With  electricity,  on  the  other  hand,  about  one-third  of 
the  cost  remains  constant  by  a  limited  increase  or  decrease  in  the 
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traffic,  while  the  other  two*thirds  varies  as  the  traffic  varies 
Hence,  again,  let  us  have  electricity  for  light  traffic,  and  cable  for 
the  severe  work. 

The  variations  of  working  cost,  for  materials  and  'wa^es  for 
repairs  only,  are  exemplified  in  the  following  instances,  in  which 
general  charges  are  not  included : — 

Penc« 

mile. 


Bessbrook  and  Nel^Ty  Tramway  : — Wages,  mainte- 
nance and  repair,  stores       3*94 

City  and  South  London  Railway : — Working  and  re- 
pairs, generator  station,  4*59,  locomotive  service, 
2-31 6-90 

Blackpool  Electric  Tramway : — Repairs,  total  wages, 

excluding  general  charges,  coal,  and  stores         .     5*34 

Birmingham  Central  Tramways  : — Electric  haulage, 

5" 1 5,  machinery,  '29 5 "44 

It  is  to  be  noted  that  the  rails  of  the  South  London  and  City 
line  are  not  grooved,  and  that  their  resistance  is  much  less  than 
that  of  grooved  rails,  as  already  shown  by  results  of  trials. 
Nevertheless,  the  cost  for  the  South  London  line  is  the  highest  in 
the  group.    But  the  speed  is  also  the  highest. 

Further  comparative  evidence  is  wanted. 


CHAPTER  IV. 

POINTS  AND  CROSSINGS. 

The  most  usual  combinations  of  points  and  crossings,  whereby 
the  rolling  stock  may  be  shifted  from  one  line  of  rails  to  another, 
are  shown  diagrammatically  in  Plate  XII.  (Figs.  392  to  408). 

Fig.  392  shows  a  passing-place  on  a  single  line;  Fig.  393,  a 
"triangle"  junction  of  single  lines;  Fig.  394,  a  single  cross-over 
road ;  and  Fig.  395,  a  double  cross-over  road. 

Points  are  of  three  types  : — Open,  when  both  points  of  a  pair 
are  open ;  fixed,  when  one  point  is  fixed,  and  the  other  moveable ; 
moveable,  when  both  points  of  a  pair  are  moveable. 

Open  points  are  known  also  as  dumb  or  dummy  points.  A 
broken  section  of  the  open  point — box  section — is  shown  in  Fig. 
396.  The  upper  part  is  chilled,  or  hardened.  The  chill  usually 
penetrates  to  a  depth  of  from  ^  inch  to  i  inch  in  depth.  Open 
points  are  employed  for  running-out  or  trailing  points,  or  as  facing 
points  on  horse-worked  lines,  where  alternative  routes  diverge,  the 
car  being  pulled  over  by  the  horses  to  the  desired  line. 

Fixed  points  are  required  for  automatically  compelling  entering 
cars  to  take  one  and  the  same  direction.  It  is  usual  to  fill  up  the 
right-hand  groove  of  the  right-hand  point  at  its  entrance,  thus 
forcing  the  entering  car  to  take  the  left-hand  road. 

The  moveable  chilled  tongue  points  (Figs.  397,  398)  are  em- 
ployed principally  where  the  cars  are  to  take  alternative  routes. 
A  tongue  may  be  automatically  held  over  to  one  hand  by  means 
of  a  spring.  The  pair  of  points  are  suited  for  girder  rails,  with 
fish-plates  fused  in  the  ends,  in  the  proper  positions  for  being 
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bolted  up  to  the  rails.     But  the  outside  fish-plate  of  each  pair,  at 
one  or  at  each  end,  may  be  left  loose. 

Crossings  are  made  to  any  required  angle.  The  usual  angle 
for  passing-places,  sidings,  and  cross-over  roads  is  i  in  5  or  1  in  6. 
Sharper  angles,  up  to  i  in  9,  are  sometimes  taken ;  and  larger 
angles  down  to  i  in  2(.  Ordinary  crossings  are  shown  in  Figs. 
399  and  400.  They  are  suitable  for  cross- over  roads,  passing 
places,  branches,  and  sidings.  The  first  of  these  shows  end  chairs 
to  receive  the  channel  rail.  In  the  second,  fish-plates  are  fused  in 
the  ends,  to  connect  to  the  girder  rail.  The  outside  fish-plate  o( 
each  pair  at  one  or  both  ends  may  be  loose. 

Chilled  cast  iron,  as  just  described,  is  generally  used  as  the 
material  of  points  and  crossings.     It  is  the  hardest  of  materials. 

Cast  steel  annealed  is  extensively  used  on  steam  tramivays. 
Though  less  hard  than  chilled  cast  iron,  it  is  tougher. 

In  built  up  points,  made  from  the  rolled  Bessemer  steel  laii,  the 
steel  is  generally  uniform  in  temper,  and  harder  than  annealed 
cast  steel.  Mr.  James  More*  considers  rail  steel  to  be  more 
durable  than  annealed  cast  steel,  or  chilled  cast  iron.  An  example 
of  built-up  points,  made  from  7-inch  girder  rails,  is  shown  in  Figs. 
401,  402,  403.  Cross-sections  of  these  points  are  shown  in  Figs- 
404,  405. 

A  moveable  point,  made  from  the  rail,  is  shown  in  plan  and 
elevation  in  Figs.  406,  407. 

A  built-up  crossing  is  shown  in  Fig.  408,  made  from  the  rails      |_ 
used  on  the  line.    The  running- through  rail  should  be  from  10 
to  12  feet  long,  and  the  crossing  rail  from  8  to  10  feet  long,  in 
order  to  break  joint. 

*  See  a  paper  on  "  Tramway  Permanent  Way,"  by  James  More, 
Jan.,  in  the  Minutes  of  Proceedings  of  the  Institution  of  Civil 
Engineers t  vol.  ciii.,  1890-91. 
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PARLIAMENTARY  AND   OFFICIAL 

REGULATIONS. 


I.— The  Tramways  Act,   1870. 

This  statute,  33  &  34  Vict.  c.  78,  the  full  title  of  which  is  ''An  Act 
to  facilitate  the  construction  and  to  regulate  the  working  of  Tram- 
ways " — is  the  principal  enactment  dealing  with  tramways  in  Great 
Britain.  The  Act  does  not  extend  to  Ireland  (s.  2).  Previous  to 
the  passing  of  the  Act^  the  decisions  of  the  Examiner  and  of  the 
Standing  Committee  of  the  House  of  Lords  on  the  Liverpool  Tramway 
Bill  of  1866  had  rendered  it  necessary  for  promoters  of  tramways  to 
deposit  plans  and  sections  of  their  proposed  undertakings. 

Part  L  of  the  Act  deals  with  Provisional  Orders  authorising  Provisional 
the  construction  of  tramways,  and  provides  (s.  4)  that  the  Local 
Authority  (sceposf,  p.  6^^)  of  any  district  may  obtain  such  Orders  for 
tramways  in  their  district ;  and  the  like  power  is  given  to  any  other 
person  or  persons,  corporation  or  company,  with  the  consent  of  the 
Board  of  Trade  and  the  Local  Authority,  but  not  otherwise.  Any  such 
Local  Authority,  person,  persons,  corporation,  or  company  obtaining 
such  Provisional  Order,  are  to  be  deemed  promoters  of  the  tramway 
(s.  4).* 

Upon  application  for  a  Provisional  Order  being  made  to  the  Board 
of  Trade,  the  Board  are  to  consider  the  application,  and  may,  if  they 
think  fit,  direct  inquiries  as  to  the  propriety  of  proceeding  upon  such 

♦  Tramways  Orde&s  Confirmation  A  crs.—Provibional  Orders  made 
by  the  Board  of  Trade  under  the  authority  of  the  Tramways  Act,  1870,  to 
acquire  final  validity  and  force,  must  be  confirmed  by  special  Acts  cf 
Parliament.  These  are  distinguished  as  **  Tramways  Oiders  Confirmation 
Act?,"  by  which  the  Orders  set  out  in  the  Schedules  to  the  Acts  respecii\e)y 
are  confirmed. 
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application,  and  they  are  to  consider  any  objection  thereto  that  may  be 
lodged  with  them,  and  to  determine  whether  or  not  the  promoters 
may  proceed  with  the  application  (s.  7). 

[At  pp.  673— 693, /^j/,  will  be  found  the  full  text  of  the  Rules  issued 
by  the  Board  of  Trade  with  respect  to  Provisional  Orders.] 

Where  it  appears  to  the  Board  of  Trade  expedient,  they  may  make 
a  Provisional  Order,  which  Order  shall  empower  the  promoters  to 
make  the  tramway  upon  the  gauge  and  in  the  manner  therein 
described,  and  shall  contain  such  provisions  as  (subject  to  the  require- 
ments  of  the  Act)  the  Board  of  Trade,  according  to  the  nature  of  the 
application  and  the  facts  and  circumstances  of  each  case,  shall 
think  fit ;  but  such  Order  is  not  to  contain  any  provision  for  acquiring^ 
lands,  except  to  an  extent  therein  limited,  and  only  then  by  agree- 
ment, or  to  construct  a  tramway  elsewhere  than  along  or  across  a  road, 
or  upon  land  taken  by  agreement  (s.  8). 

Tramways  shall  be  constructed  as  near  as  may  be  in  the  middle  of 
the  road,  and  shall  not  be  so  laid  that,  for  a  distance  of  30  feet  or 
upwards,  a  less  surface  than  9  feet  6  inches  shall  intervene  between 
the  outside  of  the  footpaths  on  either  side  of  the  road,  and  the  nearest 
rail  of  the  tramway,  if  one-third  of  the  owners  or  one-third  of  the 
occupiers  of  the  houses,  shops,  or  warehouses  abutting  upon  the  part 
of  the  road  where  such  less  space  shall  intervene,  as  aforesaid,  express 
their  dissent  from  any  tramway  being  so  laid  (s.  9). 

The  nature  of  the  traffic  on  the  tramway,  and  the  tolls  to  be  taken, 
arc  to  be  specified  in  the  Provisional  Order  (s.  10). 

The  Provisional  Order  is  not  to  be  granted  until  the  promoters 
deposit  in  a  bank  as  there  prescribed,  a  sum  of  not  less  than  4  per 
cent,  upon  the  estimated  expense,  or  security  of  equal  value  is 
deposited  (s.  12). 

The  Provisional  Order  is  not  to  have  any  operation,  until  confirmed, 
with  or  without  amendment,  by  an  Act  of  Parliament,  and  it  is  to  be 
open  to  parties  to  petition  against  the  Act  and  to  appear  and  oppose 
the  Bill  in  Committee  (s.  14). 

The  Board  of  Trade,  on  the  application  of  the  promoters,  may 
revoke,  amend,  extend,  or  vary  such  Provisional  Order  by  a  further 
Provisional  Order,  but  the  application  for  every  such  Provisional 
Order  will  be  subject  to  the  same  conditions  as  the  former  Provisional 
Order,  and  will  require  confirmation  by  an  Act  of  Parliament  (s.  16). 

If  the  promoters  do  not  complete  the  tramway  and  open  it  for 
public  traffic  within  two  years  of  the  date  of  the  Order,  or  within  any 
shorter  period  prescribed  in  the  Order ;  or  if,  within  one  year  from 
either  of  those  times,  the  works  are  not  substantially  commenced,  or, 
if  commenced,  are  suspended  without  a  reason  sufficient  in  the  opinion 
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of  the  Board  of  Trade,  the  powers  given  by  the  Order  shall  cease, 
except  as  to  so  much  of  the  same  as  is  then  completed,  unless  the  time 
be  prolonged  by  the  Board,  and  as  to  so  much  of  the  same  as  is  then 
completed,  the  Board  may  allow  the  powers  to  continue  and  to  be 
exercised  if  they  think  fit ;  but,  failing  such  permission,  then  so  much 
of  the  tramway  as  is  then  completed  shall  be  deemed  to  be  dis- 
continued, and  dealt  with  accordingly  (s.  18). 

When  a  tramway  has  been  made  by  a  Local  Authority^  or  posses- 
sion has  been  acquired  by  a  Local  Authority,  they  may,  with  the 
consent  of  the  Board  of  Trade,  lease  to  any  person  the  right  of  user 
thereof;  and  of  demanding  and  taking  authorised  tolls  and  charges  ; 
or  the  Local  Authority  may  leave  such  tramways  open  to  be  used  by 
the  public,  and  may,  in  respect  of  such  cases,  take  the  tolls  and 
charges  authorised ;  but  no  Local  Authority  can  place  or  run 
carriages  upon  snch  tramways^  and  demand  and  take  tolls  and  charges 
in  respect  of  the  use  of  such  carriages.  Every  such  lease  shall  be  for 
a  term  not  exceeding  twenty-one  years,  and  at  its  expiration  such 
lease  may,  with  the  consent  of  the  Boards  be  renewed  for  a  further 
term  not  exceeding  in  any  case  twenty-one  years  ;  the  lease  to  be 
void  if  the  lessees  discontinue  the  working  of  the  tramway  (s.  19). 

Special  provision  is  made  by  the  Act  for  payment  out  of  the  local 
rate  of  all  expenses  incurred  by  a  Local  Authority  in  obtaining  and 
carrying  into  effect  a  Provisional  Order  authorising  the  construction  of 
tramways  (ss.  20,  21}. 

Part  IL  of  the  Act  relates  to  the  Construction  of  Tramways,  Construe- 
and  (together  with  Part  II L)  is  to  be  incorporated  with  every  Provi-  T?Smway8. 
sional  Order  or  special  Act  authorising  a  tramway,  except  so  far  as 
they  may  be  expressly  varied  thereby  (ss.  22,  23,  24). 

If  no  gauge  is  prescribed  by  the  special  Act,  the  gauge  is  to  be  such 
as  to  admit  of  the  use  on  the  tramways  of  carriages  constructed  for  use 
upon  railways  of  a  gauge  of  4  feet  8^  inches.  They  are  to  be  laid  on 
a  level  with  the  surface  of  the  road  (s.  25). 

Powers  are  given  tQ  promoters  to  break  up  streets  ;  and  provision 
is  made  for  the  completion  of  the  works  and  the  reinstatement  of  the 
road,  for  the  repair  of  the  part  of  the  road  where  the  tramway  is  laid, 
and  for  coritracts  between  the  road  authority  and  the  promoters  for 
paving  roads  on  which  tramways  are  laid ;  also  for  the  case  of 
interference  with  the  mains  of  gas  and  water  companies,  and  for  the 
protection  of  sewers,  drains,  and  the  like  (ss.  26 — ^31). 

The  Act  further  preserves  the  rights  of  authorities  and  companies, 
&c.,  to  open  roads  (s.  32),  and  provides  for  the  settlement  of  all 
differences  that  may  arise  between    the    promoters  and  the  road 


OyO  APPENDIX. 

authority  or  other  body  or  person  by  a  referee  to  be  appointed  by  the 
Board  of  Trade  (s.  i^. 

Genera]  PART  III. of  the  Act  Contains  GENERAL  Provisions  relating  to  the 

Provisions*  ,  .  ^  ^ 

working  of  tramways. 

Carriages. — The  promoters  are  to  have  the  exclusive  use  of  the 
tramways  for  carriages  with  flange- wheels  or  other  wheels  suitable 
only  to  run  on  the  prescribed  rail^  to  be  moved  by  the  power  prescribed 
by  the  Special  Act ;  and,  where  no  such  power  is  prescribed,  by 
animal  power  only.  No  carriage  shall  extend  beyond  the  outer  edge 
of  the  wheels  of  such  carriage  more  than  1 1   inches  on  each  side 

(s-  34). 
Licenses. — If  the  Local  Authority  or  twenty  inhabitant  ratepayers, 

satisfy  the  Board  of  Trade  that  the  public  are  deprived  of  the  full 
benefit  of  the  tramway,  licenses  to  use  it  may  be  granted  to  third 
parties  by  the  Board  of  Trade  on  certain  prescribed  conditions,  provi- 
sion being  made  by  the  Act  for  enforcing  payment  of  tolls,  &c. 

(ss.  35—41). 

Discontinuance  of  Tramways. — If  the  working  of  a  tramway,  orot 
any  part  thereof,  is  discontinued  for  the  space  of  three  months  (such 
discontinuance  not  being  occasioned  by  circumstances  beyond  the 
control  of  the  promoters),  the  powers  of  the  promoters  in  respect  of 
such  disused  tramway,  or  portion  thereof,  may  be  determined  by  an 
order  of  the  Board  of  Trade.  At  any  time  after  two  months  from  the 
date  of  such  order,  the  road  authority  may  remove  the  disused  portion 
of  tramways  at  the  cost  of  the  promoters  (s.  41). 

Insolvency  0/ Promoters, — If  at  any  time  after  opening  of  a  tram- 
way for  traffic  the  promoters  appear  to  be  insolvent  or  unable  to 
maintain  the  tramv/ay,  the  Board  of  Trade,  on  the  application  of  the 
Local  Authority  or  road  authority,  and  after  enquiry  by  a  referee,  may 
make  an  order  declaring  that  the  powers  of  the  promoters  shall  cease 
at  the  expiration  of  six  months  from  the  date  of  the  order,  unless  the 
same  are  purchased  by  the  Local  Authority,  who  may,  in  that  event, 
remove  the  tramway  at  the  cost  of  the  promoters  (s.  42). 

Purchase  and  Sale  of  Tramways. — Where  the  promoters  of  a 
tramway  are  not  the  Local  Authority,  the  Local  Authority  may,  within 
six  months  after  the  expiration  of  a  period  of  twenty-one  years 
from  the  time  when  such  promoters  were  empowered  to  construct 
such  tramway,  and  within  six  months  after  the  expiration  of  every 
subsequent  period  of  seven  years,  or  within  three  months  after 
any  order  made  by  the  Board  of  Trade  under  ss.  41,  42,  with  the 
approval  of  the  Board  of  Trade,  require  the  promoters  to  sell  their 
undertaking,  upon  terms  of  paying  the  then  value  (exclusive  of  any 
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allowance  for  past  or  future  profits  of  the  undertaking,  or  any  com- 
pensation for  compulsory  sale,  or  other  consideration  whatsoever)  of 
the  tramway,  and  all  lands,  buildings,  works,  materials,  and  plant 
of  the  promoters  suitable  to  and  used  by  them  for  the  purposes 
thereof,  such  value  to  be  in  case  of  difference  determined  by  a 
referee  nominated  by  the  Board  of  Trade. 

The  Local  Authority  in  any  district  may  pay  the  purchase  money 
and  all  expenses  incurred  by  them  in  so  purchasing  an  undertaking 
out  of  the  like  rate,  and  shall  have  the  like  powers  of  borrowing 
on  the  security  of  the  rate,  as  if  such  expenses  were  incurred  in 
obtaining  and  carrying  into  effect  a  Provisional  Order  under  the 
Act. 

Two  or  more  Local  Authorities  may  jointly  purchase  any  under- 
taking within  their  several  districts  (s.  43). 

Where  a  tramway  has  been  opened  for  trafi&c  for  six  months  the 
promoters  may,  with  the  consent  of  the  Board  of  Trade,  sell  their 
undertaking  to  any  person,  persons,  corporation,  or  company,  or  to 
the  Local  Authority  of  the  district ;  and  where  such  sale  is  made  to 
the  Local  Authority  such  Local  Authority  may  pay  the  purchase 
money  in  like  manner  as  if  such  purchase  were  made  under  the 
authority  of  the  43rd  section  (s.  44). 

Tolls, — ^The  promoters  or  lessees  of  a  tramway  authorised  by 
special  Act  may  demand  and  take  tolls  and  charges  as  specified  in 
the  special  Act,  such  tolls  and  charges  to  be  exhibited  in  a  conspicuous 
place  inside  and  outside  each  tramway  carriage  (s.  45). 

Byelaws, — The  Local  Authority  are  empowered  to  make  byelaws 
as  to  the  rate  of  speed,  the  clear  distances  between  any  two  carriages 
travelling  on  the  same  line  of  rails,  the  stopping  of  carriages  using 
the  tramway,  and  the  traffic  on  the  road  in  which  the  tramway  is 
laid;  and  the  promoters  or  lessees  of  a  tramway  may  also  make 
byelaws  for  the  prevention  of  any  nuisance  in  or  about  their  carnages 
or  premises  and  the  regulation  of  travelling  upon  the  carriages.  The 
byelaws  are  to  be  subject  to  allowance  by  the  Board  of  Trade,  and 
may  prescribe  penalties  (ss.  46,  47). 

[For  Forms  of  Byelaws  issued  by  the  Board  of  Trade,  see 
post,  p.  694]. 

Power  is  given  to  the  Local  Authority  to  license  the  drivers  and 
conductors  of  tramways  (s.  48). 

Offences, — Penalties  are  imposed  for  obstruction  of  promoters  in 
laying-out  a  tramway  ;  for  wilful  injury  or  obstruction  to  tramways  or 
works  ;  for  frauds  practised  or  attempted  by  passengers  ;  for  biinging 
dangerous  goods  on  a  tramway,  &c.  (ss.  49 — 53). 

Any  person,  not  duly  authorised,  using  a  tramway  with  carriages 
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having  flange-wheels,  or  other  wheels  suitable  only  to  run  on  such 
tramway,  becomes  liable  to  a  penalty  not  exceeding  £zo  (s.  54}. 

Accidents  and  Injuries, — The  promoters  or  lessees  are  to  be 
answerable  for  all  accident,  damages,  and  injuries  happening 
through  their  act  or  default,  or  through  the  act  or  default  of  any 
person  in  their  employment  by  reason  or  in  consequence  of  any  of 
their  works  or  carriages  (s.  55). 

Recovery  of  Tolls  and  Penalties,  —  All  tolls,  penalties,  and 
charges  under  the  Act,  or  under  a  byelaw,  may  be  recovered  and 
enforced  in  England  before  two  justices  of  the  peace  under  the  Sum- 
mary Conviction  Act,  and  in  Scotland  before  the  sheriff  or  two 
justices  as  penalties  under  the  Railway  Clauses  Consolidation 
(Scotland)  Act,  1845  (s.  56). 

Right  of  User  of  Road  only, — ^The  promoters  of  a  tramway  shall 
not  be  deemed  to  acquire  any  right  other  than  that  of  user  of  any 
road  along  or  across  which  they  lay  the  tramway,  and  nothing  con- 
tained in  the  Act  is  to  exempt  the  promoters,  or  other  person  using  a 
tramway,  from  ihe  payment  of  tolls  to  the  trustees  of  a  turnpike  road. 
With  the  approval  of  the  Board  of  Trade,  the  trustees  of  a  turnpike 
road  and  the  promoters  of  a  tramway  may  enter  into  agreements  for 
the  payment  of  a  composition  in  respect  of  the  user  of  such  road 

(ss.  57>  58). 

Mines  and  Minerals  under  Tramways. — Nothing  in  the  Act  is 
to  limit  or  interfere  with  the  rights  of  any  owner  or  occupier  of  mines 
or  minerals  lying  under  or  adjacent  to  a  road  along  or  across  which  a 
tramway  is  laid ;  nor  shall  any  such  owner  or  occupier  be  liable  to 
make  compensation  for  damage  occasioned  to  such  tramway  by  the 
working  of  the  mines  in  ordinary  course  (s.  59). 

Public  Rights, — Nothing  in  the  Act  is  to  restrict  the  powers  bylaw 
of  existing  authorities  to  widen,  alter,  divert,  or  improve  any  road, 
railway,  tramway,  or  inland  navigation  ;  or  to  limit  the  powers  of  the 
police  or  Local  Authorities  to  regulate  the  traffic  of  the  road ;  or  to 
abridge  the  right  of  the  public  to  pass  along  or  across  any  part  of  a 
road  along  or  across  which  a  tramway  is  laid  with  carriages  not 
having  flange-wheels  (ss.  60,  61,  62). 

Public  Inquiries, — Inquiries  which  by  the  Act  the  Board  of  Trade 
are  empowered  to  make  are  to  be  made  according  to  the  provisions 
set  forth  in  the  Act  (s.  63). 

Board  of  Trade  Rules, — Power  is  given  to  the  Board  of  Trade 
from  time  to  time  to  make  and  amend  Rules  for  carrying  the  Act  into 
effect  ;  and  any  Rules  so  made  are  to  be  laid  before  Parliament 
(s.  64). 
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II. — Board  of  Trade  Rules  with  respect  to 

Provisional  Orders  and  other  Matters 

UNDER  the  Tramways  Act,  1870.* 


BY  whom   provisional  ORDERS   MAY  BE  OBTAINED 
AND  the  necessary  CONSENTS  THERETO. 

By  the  Tramways  Act,  1870,  it  is  provided  as  follows  : — 

"  Part  I. — Provisional  Orders  authorizing  the  Construction  of  Tramways. 

Section  4. — <*  Provisional  Orders  authorizing  the  construction  of  tramways 
in  any  district  may  be  obtained  by — 

'*(!.]  The  local  authority  of  such  district ;  or  by — 

**  (2.)  Any  person,  persons,  corporation,  or  company,  with  the  consent  of 
"  the  local  authority  of  such  district ;  or  of  the  road  authority  of  such 
"  district  where  such  district  is  or  forms  part  of  a  highway  district 
•*  formed  under  the  provisions  of  *  The  Highway  Acts.* 

^'  Application  for  a  Provisional  Order  shaU  not  be  made  by  any  local 
^'  authority  until  such  application  shall  be  approved  in  the  manner  prescribed 
*<  in  Part  III.  of  the  Schedule  A.  to  this  Act  annexed.  (This  schedule  follows 
"  on  page  3.) 

'*  Where  in  any  district  there  is  a  road  authority  distinct  from  the  local 
«  authority,  the  consent  of  such  road  authority  shall  also  be  necessary  in  any 
«  case  where  power  is  sought  to  break  up  any  road  subject  to  the  jurisdiction 
•*  of  such  road  authority,  before  any  Provisional  Order  can  be  obtained." 

Definition  of  Terms, — Section  3  provides  that  for  the  purposes  of  the  Act — 

The  terms  '*  local  authority  "  ancf ''  local  rate"  shall  mean  respectively  the 
bodies  of  persons  and  rate  named  in  the  table  in  Part  I.  of  the  Schedule  (A. 
to  this  Act  annexed. 

The  term  "  road  "  shall  mean  any  carriageway  being  a  public  highway,  and 
the  carriageway  of  any  bridge  forming  part  of  or  leading  to  the  same. 

The  term  ''road  authority  "  shall  mean, in  the  districts  specified  in  the  table 
in  Part  II.  of  the  Schedule  (A.^  to  this  Act  annexed,  the  bodies  of  persons 
named  in  the  same  table,  ana  elsewhere  any  local  authority,  boara,  town 
council,  body  corporate,  commissioners,  trustees,  vestry,  or  other  body  or 
persons  in  whom  a  road  as  defined  by  this  Act  is  vested,  or  who  have  the 
power  to  maintain  or  repair  such  road. 

The  term  *'  district  "  in  relation  to  a  local  authority  or  road  authority  shall 
mean  the  area  within  the  jurisdiction  of  such  local  authority  or  road  authority. 

•  Notes. — (i)  All  memorials,  objections,  and  other  documents  addressed 
to  the  Board  of  Trade  under  the  Act  should  be  on  paper  of  foolscap  size. 
(2)  Promoters  who  desire  to  be  incorporated  must  register  themselves  under 
the  Companies  Act,  1862. 
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"  Schedule  A.— (Part  I.) 


'*  Local  Authority. 


Districts  of  Local 

Authorities. 


Description  of  Local 

Autborlty^  of  District  set 

opposite  its  Name. 


The  Local  Rate. 


*•  The  city  of  London 
"and  the  liberties 
**  thereof. 

*'  The  metropolis  (a) 

*'  Boroughs  (5) 


4( 


4t 


(i 


Any  place  not  include  J 
**ia  the  above  de- 
**  scriptions,  and  under 
**the  jurisdiction  of 
**  commissioner Sy  trus- 
'*  tees,  or  other  persons 
**  intrusted  by  any 
*•  Local  Act  with 
*'  powers  of  improvin;;, 
"cleansing,  or  paving 
"  any  town. 
Any  place  not  included 
*'in  the  above  desciip> 
**tions,  and  within 
"the  jurisdictioa  of  a 
"local  board  consti- 
"  tuted  in  pursuance 
"of  the  Public  Health 
"Act,  1848,  and  the 
"  Local  Government 
"Act,  1858,  or  one  of 
"such  Acts. 
Any  place  or  pui»h 
"  not  within  the  above 
**  descriptions,  and  in 
"  which  a  rate  is  levied 
"for  the  maintenance 
"of  the  poor. 


England  &  Wales. 

The  mayor,  aldermen, 
and  commons  of  the 
city  of  London. 

TheMetropolitanBoard 
of  Works  (cj. 

The  mayor,  aldermen, 
and  burgesses  acting 
by  the  council. 


T  h  e  commissioners, 
tiustees,  or  other 
persons  intrusted  by 
the  Local  Act  with 
powers  of  improving, 
cleansing,  or  paving 
the  town. 


The  local  board 


The  veslry,select  vestry, 
or  other  body  of  per- 
sons acting  by  virtue 
of  any  Act  of  Parlia- 
ment, prescription, 
custom,  or  otherwise, 
as  or  instead  of  a 
veitry  or  select  vestry. 


The  consolidated  sewers 
I  ate. 

The  metropolitan  con- 
solidated  rate. 

The  borouijh  fund  or 
other  property  ap- 
plicable to  the  pur- 
poses of  a  borough 
rale,  or  the  borough 
rate. 

Any  rate  leviable  by 
such  commissioners, 
trustees,  or  other 
persons,  or  other 
funds  applicable  by 
them  to  tJie  purposes 
of  improving,  cleans- 
ing, or  paving  the 
town. 


General  district  rate. 


The  poor  rate. 
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*  Places  within  the  juris- 
•'  diction  of  any  town 
**  council,  and  not  sub- 
**ject  to  the  separate 
"jurisdiction  of  police 
"commissioners  or 
**  trustees. 

•  In  places  within  the 
"jurisdiction  of  police 
"commissioners  or 
"  trustees  exercising 
"  the  functions  of  police 
"  commissiouers  under 
"  any  General  or  Local 
"  Act. 

In  any  parish  or  part 
"thereof  over  which 
**the  jurisdiction  of  a 
"  town  council  or  of 
"police  commissioners 
"  or  trustees  exercising 
* '  the  functions  of  police 
"  commissioners  does 
"not  extend." 


**  Scotland. 
The  town  council. 


The  prison  assessment 
or  police  assessment, 
as  the  local  authority 
shall  resolve. 


The    police     commis- 
sioners or  trustees. 


] 


The  road  trustees  hav- 
ing the  management 
of  any  road  on  which 
a  tramway  is  pro- 
posed to  be  con- 
structed. 


The  tolls,  duties,  and 
assessments  leviable 
by  the  road  trustees. 


"  Schedule  A.— (Part  II.) 
"Road  Authority. 


Districts  of  Road  Authorities. 


**  Parishes  within  the  Metropolis  (i) 
** mentioned  in  Schedule  (A.)  to 
'*  the  Metropolis  Management  Act, 
*'  1855. 

''Districts  within  the  Metropolis  (i) 
*  *  formed  by  the  union  of  the  parishes 
"mentioned  in  schedule  (B.)  to 
"  the  Metropolis  Management  Act, 
*'  1855." 


Description  of  Road  Authority  of 
Districts  set  opposite  its  Name. 


The  vestries  appointed  for  the  pur- 
poses of  the  Metropolis  Manage- 
ment Act,  1855. 

The  board  of  works  for  the  district 
appointed  for  the  purpose  of  the 
Metropolis  Management  Act,  1855. 


<'  (a)  '  The  metropolis '  shall  include  all  parishes  and  places  in  which  the 
Metropolitan  Board  of  Works  have  power  to  levy  a  main  drainage  rate, 
except  the  dty  of  London  and  the  liberties  thereof." 

"  ip)  *  Borough '  shall  mean  any  place  for  the  time  being  subject  to  an  Act 
passed  in  the  session  holden  in  the  hfth  and  sixth  years  of  the  reign  of  King 
William  the  Fourth,  chapter  seventy-six,  intituled  *An  Act  to  provide 
for  the  regulation  of  municipal  corporations  in  England  and  Wales.'  " 

(c)  Now  London  County  Council. 
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"  Schedule  A.— (Part  III.) 


<f 


*^  Evidence  of  Apprwal  and  Consent. — ^Tbe  approval   of  any  intended 
application  for  a  Provisional  Order  by  a  Local  Autnority  shall  be  in  numner 
"  fouondng ;  that  is  to  say, 

'*  A  resolution  approving  of  the  intention  to  make  snch  application  shall 
<*  be  passed  at  a  special  meeting  of  the  members  constituting  such  Local 
"  Authority. 

*'  Such  special  meeting  shall  not  be  held  unless  a  month's  previous  notice 
"  of  the  same,  and  of  the  purpose  thereof,  has  been  given  in  the  manner  in 
**  which  notices  of  meetings  of  such  Local  Authority  are  usually  given. 

"  Such  resolution  shall  not  be  passed  unless  two-thirds  of  the  members 
'<  constituting  such  Local  Authority  are  present  and  vote  at  such  special 
**  meeting,  and  a  majority  of  those  present  and  voting  concur  in  the 
<'  resolution  ;  provided  that  if  in  ScoUand  the  local  authority  be  the  road 
'<  trustees,  it  shall  not  be  necessary  that  two- thirds  of  such  trustees  shall 
«be  present  at  the  meeting,  but  the  resolution  shall  not  be  vaUd  unless 
*<  two-thirds  of  the  members  present  vote  in  favour  of  such  resolution,  and 
"  unless  the  said  resolution  is  confirmed  in  like  manner  at  another 
'*  meeting  called  as  aforesaid,  and  held  not  less  than  three  weeks  and  not 
"  more  than  six  weeks  thereafter.  Where  any  such  resolution  relating  to 
<*  the  metropolis  as  the  same  is  defined  in  Part  I.  of  the  Schedule,  or  to 
"  any  district  in  Scotland  of  which  road  trustees  are  the  local  authority, 
"has  been  passed  in  manner  aforesaid,  the  intended  application  to 
'<  which  such  resolution  relates  shall  be  deemed  to  be  approved." 


RULES  OF  THE  BOARD  OF  TRADE. 

Rule  I. — Approval  of  Amplication  made  by  Local  Authorities. 
— Where  the  application  is  made  by  any  Local  Authority,  the  evi- 
dence of  approval  required  as  above  by  Schedule  A.  (Part  III.)  of 
the  Act  must  be  given  at  the  time  fixed  for  proving  compliance  with 
the  Act  and  these  Rules,  by  {a)  a  certified  copy  of  the  resolution 
approving  of  the  intention  to  make  the  application,  {p)  a  certified 
copy  of  the  notice  convening  the  special  meeting  to  consider  the 
application,  and  [c)  a  certified  statement  of  the  number  of  members 
constituting  the  Local  Authority,  and  of  the  number  present  and 
voting  at  such  special  meeting. 

Rule  II. — Consent  to  Applications  not  incuie  by  Local  Authori- 
ties,— Where  an  application  is  made  by  promoters,  not  being  the 
Local  Authority  of  the  district  in  which  the  tramway  is  proposed  to  be 
laid,  evidence  of  the  consent  required  by  Part  I.,  section  4  of  the 
Act,  must  be  given  at  the  time  fixed  for  proving  compliance  with  the 
Act  and  these  Rules,  by  {a)  a  certified  copy  of  the  resolution  passed 
at  a  meeting  of  the  local  or  road  authority,  as  the  case  may  be,  at 
which  the  application  was  approved,  {b)  a  copy  of  the  notice  convening 
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the  meeting,  which  notice  must  contain  a  statement  that  the  subject 
of  the  proposed  tramway  will  be  brought  before  the  meeting. 

Similar  evidence  of  the  consent  of  the  local  and  road  authorities 
must  be  produced  in  cases  in  which  the  promoters  seek  to  use  steam 
or  other  mechanical  power  on  any  tramway  or  tramways  already 
authorised. 

ADVERTISEMENT  AND  NOTICES  IN  OCTOBER  OR 
NOVEMBER  AND  DECEMBER. 

Section  6. — ''The  promoters  intending  to  make  an  application  for  a 
«*  Provisional  Order  shall  proceed  as  follows  : — 

"  (i.)  In  the  months  of  October  and  November  next  before  the  application, 
*'  or  in  one  of  those  months,  they  shall  publish  notice  of  their  intention 
*'  to  make  such  application  by  advertisement ;  and  they  shall,  on  or 
"  before  the  fifteenth  day  of  the  following  month  of  December,  serve 
"  notice  of  such  intention  in  accordance  with  the  Standing  Orders  (if 
*'  any)  of  both  Houses  of  Parliament  for  the  time  being  in  force  with 
"  respect  to  Bills  for  the  construction  of  tramways.  (See  Schedule 
«'B.,  Parti.) 

**  (2.)  On  or  before  the  thirtieth  day  of  the  same  month  of  November  they 
''shall  deposit  the  documents  described  in  part  two  of  the  same* 
"  schedule,  according  to  the  regulations  therein  contained  : 

*•  (3.)  On  or  before  the  twenty-third  day  of  December  in  the  same  year 
"  they  shall  deposit  the  documents  described  in  part  three  of  the 
"  samef  schedule,  according  to  the  regulations  therein  contained." 


(( 


Schedule  B.— (Part  I.) 

"  ([.)  Every  advertisement  is  to  contain  the  following  particulars : — 


It 


1.  The  objects  of  the  intended  application. 

2.  A  general  description  of  the  nature  of  the  proposed  works,  if  any. 

3.  The  names  of  the  townlands,  parishes,  townships,  and  extra-parochial 
"  places  in  which  the  proposed  works,  if  any,  will  be  made. 

"4.  The  times  and  places  at  which  the  deposit  under  Part  II.   of  this 

"  schedule  will  be  made. 
*'  5.  An  office,  either  in  London  or  at  the  place  to  which  the  intended 
'*  application  relates,  at  which  printed  copies  of  the  Draft  Provisional 
•'  Order,  when  deposited,  and  of  the  Provisional  Order,  when  made, 
"  will  be  obtainable  as  hereinafter  provided. 
"  (2.)  The  whole  notice  is  to  be  included  in  one  advertisement,  which  is  to 
'  be  headed  with  a  short  title  descriptive  of  the  undertaking. 

'*  (3.)  The  advertisement  is  to  be  inserted  once  at  least  in  each  of  two  suc- 
"cessive  weeks  in  some  one  and  the  same  newspaper   published  in   the 
district  affected  by  the  proposed  undertaking,  where  the  proposed  works,  if 

•  Schedule  B.  (on  page  5). 
t  Schedule  B.  (on  page  0). 
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*■*  any,  will  be  made ;  or  if  there  be  no  such  newspaper,  then  in  some  one  and 
"  the  same  newspaper  published  in  the  county  in  which  every  such  district,  or 
<<  some  part  thereof,  is  situate  ;  or  if  there  be  none,  then  in  some  one  and  the 
''  same  newspaper  published  in  some  adjoining  or  neighbouring  county." 

**  (4.)  The  advertisement  is  also,  in  every  case,  to  be  inserted  once  at  least 
'Mn  the  London  cr  Edinburgh  Gazette^  accordingly  as  the  district  is  situate  in 
<<  England  or  Scotland." 

Rule  III. — Description  of  Tramways  in  Advertisement — The 
tramways  mentioned  in  the  advertisement  of  the  intended  application 
should  be  described  in  the  manner  prescribed  in  Rule  XVI.,  but  the 
length  need  not  be  inserted. 

Rule  IV. — Advertisement  as  to  Narrow  Places, — The  adver- 
tisement must  specify  at  what  point  or  points,  and  on  which  side  of 
the  street  or  road^  it  is  proposed  to  lay  such  tramway,  so  that  for  a 
distance  of  thirty  feet  or  upwards  a  less  space  than  nine  feet  six 
inches,  or  if  it  is  intended  to  run  thereon  carriages  or  trucks  adapted 
for  use  upon  railways,  a  less  space  than  ten  feet  six  inches,  shall  inter- 
vene between  the  outside  of  the  footpath  on  the  side  of  the  street  or 
road  and  the  nearest  rail  of  the  tramway.  The  notice  shall  also 
specify  the  gauge  to  be  adopted,  and  what  power  it  is  intended  to 
employ  for  moving  carriages  or  trucks  upon  the  tramway. 

Rule  V. — Street  Notice. — In  the  months  of  October  and  November, 
or  one  of  them,  immediately  preceding  the  application  for  any  Provi> 
sional  Order,  a  notice  thereof  shall  be  posted  for  fourteen  consecutive 
days  in  every  street  or  road,  along  which  it  is  proposed  to  lay  the 
tramway,  in  such  manner  as  the  authority  having  the  control  of  such 
street  or  road  shall  direct ;  and  if  after  application  to  such  authority 
no  such  direction  shall  be  given,  then  in  some  conspicuous  position  in 
such  street  or  road  ;  and  such  notice  shall  also  state  the  place  or  places 
at  which  the  plans  of  such  tramway  will  be  deposited. 

Rule  VI. — Notice  to  Owners  and  Lessees  of  Railways^  Tram- 
ways,  and  Canals. — On  or  before  the  15th  day  of  December  imme- 
diately preceding  the  application  for  any  Provisional  Order  for  laying 
down  a  tramway  crossing  any  railway  or  tramway  on  the  level,  or 
crossing  any  railway,  tramway,  or  canal  by  means  of  a  bridge,  or 
otherwise  affecting  or  interfering  with  such  railway,  tramway,  or  canal, 
notice  in  writing  of  such  application  shall  be  served  upon  the  owner  or 
reputed  owner  and  upon  the  lessee  or  reputed  lessee  of  such  railway, 
tramway,  or  canal,  and  such  notice  shall  state  the  place  or  places  at 
which  the  plans  of  the  tramway  to  be  authorised  by  such  Provisional 
Order  have  been  or  will  be  deposited. 
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Similar  notice  must  also  be  given  to  County  Councils  and  to  pro- 
prietors of  navigable  rivers  in  respect  of  their  bridges  or  other  works 
"which  are  proposed  to  be  crossed  or  otherwise  interfered  with. 

Every  notice  under  this  rule  must  be  accompanied  by  a  copy  of 
Rule  XVI I. ^  omitting  the  first  paragraph,  and  must  state  where  copies 
of  the  draft  Provisional  Order,  when  deposited  at  the  Board  of  Trade, 
can  be  obtained. 

Rule  VII. — Notice  to  Local  and  Road  Authorities.— \<l\itx^\\i^ 
promoters  make  application  for  an  extension  of  time  for  the  construc- 
tion of,  or  for  authority  to  abandon,  any  tramway,  they  must,  on  or 
before  the  1 5th  day  of  December,  serve  notice  of  such  application 
upon  all  the  local  and  road  authorities  affected. 

Rule  VIII. — Intimation  to  intending  Objectors, — The  preceding 
advertisement  and  notices,  other  than  the  street  notice,  must  state  that 
every  company,  corporation,  or  person  desirous  of  making  any  repre- 
sentation to  the  Board  of  Trade,  or  of  bringing  before  them  any 
objection  respecting  the  application,  may  do  so  by  letter,  addressed 
to  the  Assistant  Secretary  of  the  Railway  Department  of  the  Board  of 
Trade,  on  or  before  the  i^th  January  next  ensuing  ;  that  copies  of 
their  objections  must  at  the  same  time  be  sent  to  the  promoters  ;  and 
that  in  forwarding  to  the  Board  of  Trade  such  objections,  the  objectors 
or  their  agents  should  state  that  a  copy  of  the  same  has  been  sent  to 
the  promoters  or  their  agents. 

Rule  IX. — Notice  to  Frofitagers^—Oxi  or  before  the  15th  day  of 
December  immediately  preceding  the  application  for  a  Provisional 
Order,  notice  in  writing  must  be  given  to  the  owners  or  reputed 
owners,  lessees  or  reputed  lessees,  and  occupiers  of  all  houses,  shops, 
or  warehouses  abutting  upon  any  part  of  any  street  or  road  where,  for 
a  distance  of  thirty  feet  or  upwards,  it  is  proposed  that  a  less  space 
than  nine  feet  six  inches  shall  intervene  between  the  outside  of  the 
footpath  on  either  side  of  the  road  and  the  nearest  rail  of  the 
tramway. 

This  notice  shall  be  given  in  respect  of  such  premises  on  both  sides 
of  the  road,  and  must  contain  a  notification  that  if  such  owner,  lessee, 
or  occupier  dissents  from  the  tramway  being  so  laid,  he  may  express 
his  dissent  by  a  statement  in  writing,  addressed  to  the  Assistant 
Secretary  of  the  Railway  Department  of  the  Board  of  Trade,  on  cr 
before  the  ist  January  next  ensuing,  and  that  he  must  at  the  same 
time  send  a  copy  of  his  dissent  to  the  promoters. 
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DEPOSITS  ON  OR  BEFORE  30TH  NOVEMBIlR. 
*•  Schedule  B.— (Part  II.) 

**  (I.)  The  promoters  arc  to  deposit — 

"  I.  A  copy  of  the  advertisement  published  by  them. 

*^  2.  A  proper  plan  and  section  of  the  proposed  works,  if  any,  such  plan  and 
«<  section  to  be  prepared  according  to  such  regulations  as  may  from  lime  to 
**  lime  be  made  by  the  Board  of  Trade  in  that  behalf. 

'•  (2.)  The  documents  aforesaid  are  to  be  deposited  for  public  inspection — 

"  In  Englnnd,  in  the  office  of  the  clerk  of  the  peace  for  every  county,  ridings 
'*  or  division,  and  of  the  parish  clerk  of  every  parish,  and  Die  office 
"  of  the  local  authority  of  ever)'  district  in  or  through  which  any  sach 
"  undertaking  is  proposed  to  be  made ;  in  Scotland,  in  the  office  of  tiie 
**  principal  sheriff  cleik  for  every  county,  district,  or  division  wliidi 
*'  >Kill  be  affected  by  the  proposed  undertaking,  or  in  which  any 
**  proposed  new  work  will  be  made. 

"  (3.)  The  documents  aforesaid  are  also  to  be  deposited  at  the  office  of  the 
*'  Board  of  Trade." 

Rule  X. — Map  and  Diagram, — A  published  map  of  the  district 
on  a  scale  of  not  less  than  six  inches  to  a  mile  (or,  if  no  map  on  such 
a  scale  be  published,  then  the  best  map  obtainable),  with  the  line  of 
the  proposed  tramway  marked  thereon,  and  a  diagram  on  a  scale  of 
not  less  than  two  inches  to  a  mile  prepared  in  accordance  with  the 
specimen  appended  to  these  rules,  must  also  be  deposited  on  or  before 
the  30th  of  November. 

Rule  XI. — Requirements  as  to  Plans. — The  plans  to  be  deposited 
must  also  comply  with  the  following  requirements  : — 

The  plans  shall  indicate  whether  it  is  proposed  to  lay  the  tramway 
along  the  centre  of  any  street  or  road,  and  if  not  along  the  centre, 
then  on  which  side  of,  and  at  what  distance  from,  an  imaginary  line 
drawn  along  the  centre  of  such  street  or  road,  and  whether  or  not,  and 
if  so,  at  what  point  or  points,  it  is  proposed  to  lay  such  tramway,  so 
that  for  a  distance  of  thirty  feet  or  upwards  a  less  space  than  nine  feet 
six  inches,  or  if  it  is  intended  to  run  thereon  carriages  or  trucks 
adapted  for  use  upon  railways,  a  less  space  than  ten  feet  six  inches, 
shall  intervene  between  the  outside  of  the  footpath  on  either  side  of 
the  street  or  road  and  the  nearest  rail  of  the  tramway. 

All  lengths  shall  be  stated  on  the  plan  and  section  in  miles,  furlongs, 
chains,  and  decimals  of  a  chain. 

The  distance  in  miles  and  furlongs  from  one  of  the  termini  of  each 
tramway  shall  be  marked  on  the  plan  and  section. 

Each  double  portion  of  tramway,  whether  a  passing-place  or  other- 
wise, shall  be  indicated  by  a  double  line. 
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The  total  length  of  the  street  or  road  upon  which  each  tramway 
is  to  be  laid  shall  be  stated  {i.e.  the  length  of  route  of  each  tram- 
way). 

The  length  of  each  double  and  single  portion  of  such  tramway,  and 
the  total  length  of  such  double  and  single  portions  respectively,  shall 
also  be  stated. 

In  the  case  of  double  lines  (including  passing-places),  the  distance 
between  the  centre  lines  of  each  line  of  tramway  shall  be  marked  on 
the  plans.  This  distance  must  in  all  cases  be  sufficient  to  leave  at 
least  15  inches  between  the  sides  of  the  widest  carriage  and  engines 
to  be  used  on  the  tramways  when  passing  one  another. 

The  gradients  of  the  street  or  road  on  which  each  tramway  is  to  be 
laid  shall  be  marked  on  the  section. 

Every  crossing  of  a  railway,  tramway,  river,  or  canal  shall  be  shown, 
specifying  in  the  case  of  railways  and  tramways  whether  they  are 
crossed  over,  under,  or  on  the  level. 

All  tidal  waters  shall  be  coloured  blue. 

All  places  where  for  a  distance  of  30  feet  and  upwards  there  will  be 
a  less  space  than  nine  feet  six  inches  between  the  outside  of  the  foot- 
path on  either  side  of  the  street  or  road  and  the  nearest  rail  of  the 
tramway  shall  be  indicated  by  a  thick  dotted  line  on  the  plans  and  on 
the  side  or  sides  of  the  line  of  tramway  where  such  narrow  places 
occur,  as  well  as  noted  on  the  plans,  and  the  width  of  the  street  or 
road  at  these  places  shall  also  be  marked  on  the  plans. 

Note, — The  section  of  each  tramway  should,  where  practicable,  be 
shown  on  the  same  page  as  the  plan. 

Rule  Xil. ^JP/ans  in  certain  cases  to  be  in  Duplicate. — The 
plans  to  be  deposited  with  the  clerk  of  the  peace  or  sheriff  clerk  (as 
the  case  may  be)  must  be  in  duplicate.  {See  Standing  Orders  of  the 
House  of  Lords  and  of  the  House  of  Commons.) 

Rule  XIII. — Fortio?is  only  of  Plans  required  in  certain  cases, 
— In  cases  where  the  proposed  works  are  intended  to  be  made  in  or 
through  one  or  more  parishes  or  districts,  the  deposit  with  the  parish 
clerks  or  Local  Authorities  need  consist  only  of  a  copy  of  so  much 
of  the  plans  and  sections  as  relates  to  their  respective  parishes  or 
districts. 

Rule  XIV. — Plans ^  S^c,  to  be  Deposited  in  Parliament. — The 
following  Standing  Orders  must  also  be  complied  with*  : — 

*  These  Standing  Orders  refer  to  amended  z&  well  as  to  original  plans. 
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Standing  Order  of  the  House  of  Lords. 

<<  Whenever  plans,  secticns,  books  of  reference,  or  maps  are  deposited  in 
the  case  of  an  application  to  any  public  department  or  county  coancil  for  a 
Provisional  Order  or  Certificate,  duplicates  of  the  said  documents  shall  at  the 
same  time  be  deposited  in  the  office  of  the  Clerk  of  the  Parliaments,  provided 
that  with  regard  to  such  deposits  as  are  so  made  at  any  public  department  cr 
with  any  county  council  after  the  prorogation  of  Pailiament  and  before  the 
thirtieth  day  ot  November  in  any  year,  such  duplicates  shall  be  so  deposited 
on  or  before  the  thirtieth  day  of  November." 

Standing  Order  of  the  House  of  Commons. 

"  Whenever  plans,  sections,  books  of  reference,  or  maps  are  deposited  in 
the  case  of  any  application  to  any  public  department  or  county  coancil  for  a 
Provisional  Order  or  Provisional  Certificate,  duplicates  of  the  said  documents 
shall  at  the  same  time  be  deposited  in  the  Private  Bill  Office,  provided  that 
with  regard  to  such  deposits  as  are  so  made  at  any  public  department  or  with 
any  county  council  after  the  prorogation  of  Parliament,  and  before  the 
thirtieth  day  of  November  in  any  year,  such  duplicates  shall  be  so  deposited  en 
the  thirtieth  day  of  November." 

DEPOSITS  ON   OR  BEFORE  23RD   DECEMBER. 
"Schedule  B.— (Part  III.) 

"  (I.)  The  promoters  are  to  deposit  at  the  office  of  the  Board  of  Trade— 
*'  1.  A  memorial  signed  by    the  promoters,  headed  with  a  short   title 

**  descriptive  of  the  undertaking  (corresponding  with  that  at  the  head  of 

**  the  advertisement),  addiessed  to  the  Board  of  Trade,   and   praying 

"for  a  Piovisional  Order. 
**  2.  A  printed  draft  of  the  Provisional  Order  as  proposed  by  the  promoters, 

**  with  any  schedule  referied  to  therein. 

*  *  3.  An  esiimate  of  tlie  expense  of  the  proposed  work«,  if  any,   signed  by 

*•  the  persons  making  tie  same. 

"  (2.)  They  are  also  to  deposit  a  sufficient  number  of  such  printed  copies  at 
**  the  cffice  named  in  that  behalf  in  the  advertisement ;  such  copies  to  be 
"there  fuinisbed  to  all  persons  applying  for  them  at  the  price  of  not  more 
"  than  oi.e  shilling  each. 

"  {%,)  The  memorial  of  the  promoters  (to  be  written  on  foolscap  paper, 
"  bookwise,  with  quarter  margin)  is  to  be  in  the  following  form,  with  such 
**  variations  as  circumstances  require : 

**  \^Short  title  of  undertaking,'] 

**  To  the  Board  of  Trace. 

"The  memorial  of  the  promoters  of  [short  title  of  undertaking] 
**  Showeth  as  follows  : 

"I.  Your  memorialists  have  published  in  accordance  with  the  requ:rements 
"  of  the  Tramways  Act,  1870,  tne  following  advertisement: 

**  [Here  advertisement  to  be  set  out  verbatim,*] 

*  This  advertisement  may  be  in  print  and  fixed  to  the  body  of  the 
memorial. 
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**  Your  memorialists  have  also  deposited,  in  accordance  with  the  require- 
•*  ments  of  the  said  Act,  copies  of  the  Faid  advertisement  and  [here  state 
•*  deposit  of  the  several  matters  required  by  Act], 

•'Your  memorialists  therefore  pray  that  a  Provisional  Order 
"  may  be  made  in  the  terms  of  the  draft  proposed  by  your 
**  memorialists,  or  in  such  other  terms  as  may  seem  meet. 


**A,B,\ 
''CD,] 


Promoters. 


»» 


Rule  XV. — The  following  documents,  &c.,  must  also  be  deposited 
at  the  Board  of  Trade  on  or  before  the  23rd  December,  viz.  : — 

(i.)  List  of  Railways,  Tramways ,  and  Canals,  and  Coj>y  of  the 
Notice, -^K  complete  list  of  every  railway,  tramway,  and  canal  pro- 
posed to  be  crossed  or  otherwise  affected  or  interfered  with,  together 
with  the  names  and  addresses  of  the  owners  or  reputed  owners,  and  of 
the  lessees  or  reputed  lessees  thereof,  and  a  certified  copy  of  the  notice 
served  upon  them. 

(2.)  Lists  of  Local  and  Road  A  tithorities  and  Copy  of  Notice, — A 
complete  list  of  the  local  and  of  the  road  authorities  through  whose 
districts  the  proposed  tramway  is  to  pass  (including  in  such  list  the 
clerk  to  the  County  Council  in  cases  where  it  is  proposed  to  cross 
county  bridges),  and  if  any  such  district  is  or  forms  part  of  a  highway 
district,  under  the  provisions  of  "  The  Highway  Acts,"  a  statement  to 
that  effect  must  accompany  the  deposit.  Also  a  separate  list  of  the 
local  and  road  authorities  affected  by  any  application  relating  to  the 
use  of  steam  or  other  mechanical  power  on  authorised  tramways,  or  to 
an  extension  of  time  or  abandonment ;  together  with  a  copy  of  any 
notice  served  under  Rule  VII. 

(3.)  Copy  of  Street  Notice, — A  certified  copy  of  the  notice  which 
is  required  by  Rule  V.  to  be  posted  in  the  streets  in  October  or 
November  next  before  the  application. 

(4.)  List  of  Frontagers  and  Copy  of  Notice, — In  all  cases  where  for 
a  distance  of  30  feet  or  upwards  it  is  proposed  that  a  less  space  than 
nine  feet  six  inches  shall  intervene  between  the  outside  of  the  foot- 
path on  either  side  of  the  road  and  the  nearest  rail  of  the  tram- 
way, or  a  less  space  than  ten  feet  six  inches  if  it  is  intended  to  run 
on  the  tramway  carriages  or  trucks  adapted  for  use  upon  railways,  a 
complete  list  of  the  owners  or  reputed  owners,  lessees  or  reputed 
lessees,  and  occupiers  of  all  houses,  shops,  or  warehouses  abutting 
upon  any  part  of  the  highway,  where  such  less  space  is  proposed, 
together  with  a  certified  copy  of  the  notice  which  was  served  on  them 
on  or  before  the  15th  December,  as  required  by  Rule  IX.  (The  list 
should  be  so  prepared  as  to  show  distinctly  and  separately  every 
length  of  street  or  road  where  for  a  distance  of  30  feet  or  upwards 
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such  less  space  is  proposed  and  in  respect  of  every  such  length  of 
street  or  road  it  should  indicate  in  parallel  columns  the  name  of 
the  street,  the  name  or  number  of  the  house,  shop,  or  warehouse »  and 
the  names  of  the  owner  or  reputed  owner,  the  lessee  or  reputed 
lessee,  and  of  the  occupier.) 

(5.)  Description  of  Land. — A  description  of  the  land  (if  any)  which 
the  promoters  propose  to  purchase  for  the  construction  of  the  tram> 
way.  (The  contracts  for  the  purchase  of  all  the  lands  required  must 
be  produced  at  the  time  of  proving  compliance  with  the  Act  and  these 
Rules.) 

(6.)  Memorandufn  of  Association y  6fc, — ^A  list  of  ever)-  Provi- 
sional Order  or  Act  of  Parliament  (if  any)  of  the  promoters ;  and 
where  the  promoters  are  a  company  incorporated  under  the  Companies 
Act,  1862,  a  printed  copy  of  the  Memorandum  of  Association,  Articles 
of  Association,  and  any  registered  special  resolution  of  the  company, 
and  in  the  case  of  a  company  incorporated  in  any  other  manner,  a 
copy  of  every  deed  or  instrument  of  settlement  or  incorporation. 

(7.)  Fee. — A  fee  of  ;^35,  by  cheque  payable  to  "An  Assistant 
Secretary  of  the  Board  of  Trade."  (This  fee  will  not  necessarily  be 
taken  to  cover  the  cost  of  inquiries  or  other  matters  arising  out  of  the 
application.  With  respect  to  costs  in  such  matters,  security  must  be 
given  from  time  to  time  by  the  promoters  as  the  Board  of  Trade  may 
require.) 

DRAFT  PROVISIONAL  ORDER. 

Rule  XVI. — The  following  rules  must  be  observed  in  regard  to  the 
draft  Provisional  Order  : — 

(i.)  The  draft  Provisional  Order  must  be  deposited  in  triplicate  and 
be  printed  on  one  side  only  of  the  page^  so  as  to  leave  the  back  of 
the  page  blank,  and  any  schedule  annexed  must  begin  a  new  page. 

(2.)  The  draft  Provisional  Order  must  describe  where  each  tram- 
way is  to  commence  and  terminate,  and  must  state  the  streets  and 
roads  along  which  it  is  to  pass,  and  the  total  length  of  the  double  and 
single  portions  respectively  of  such  tramway  in  miles,  furlongs,  chains, 
and  decimals  of  a  chain. 

(3.)  Each  double  and  single  portion  of  such  tramway,  with  its  com- 
mencement and  termination,  must  also  be  described.  (This  can  be 
done  by  stating  that  each  line  or  branch  line  will  be  double  or  single 
throughout,  except  at  certain  specified  places  where  it  will  be  single  or 
double.) 

(4.)  Every  passing-place  must  be  described  as  a  double  line  in 
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accordance  with  the  Standing  Order  of  the  House  of  Lords,  which 
provides  that  **  hoo  lines  of  ^an/way  running  side  by  side  shall  be 
described  as  a  double  lirieP 

(5.)  In  cases  where  the  promoters  are  individuals  their  addresses  as 
well  as  names  should  be  inserted  in  the  draft  Order. 

(6.)  The  names  and  addresses  of  the  agents  for  the  Provisional 
Order  must  be  printed  on  the  outside  of  the  draft  Order,  and  there 
niust  be  a  notice  at  the  end  of  it  stating  that  objections  are  to  be 
addressed  to  the  Assistant  Secretary  of  the  Railway  Department  of 
the  Board  of  Trade  on  or  before  the  15  th  January  next  ensuing,  that 
copies  of  objections  must  at  the  same  time  be  sent  to  the  promoters, 
and  that  in  forwarding  to  the  Board  of  Trade  such  objections,  the 
objectors  or  their  agents  should  state  that  a  copy  of  the  same  has  been 
sent  to  the  promoters  or  their  agents. 

PROOFS  OF  COMPLIANCE  WITH  THE  ACT  AND  RULES. 

Rule  XVII. — The  agent  should  be  prepared  to  prove  compliance 
with  the  provisions  of  the  Act  and  these  Rules  by  the  15 /A  Jantuiryy 
and  all  such  j^roofs  must  be  completed  on  or  before  the  22nd 
February,  Six  days'  notice  will  be  given  of  the  day  and  hour  at 
which  the  agents  are  to  attend  for  the  purpose  at  the  Board  of  Trade, 
and  printed  forms  of  proof  wiU  accompany  the  notice.  These  forms 
should  be  filled  up  by  the  agents,  and  brought  with  the  requisite 
documents  to  the  Department  at  the  time  fixed  for  proving  com- 
pliance. 

If  any  local  or  road  authority,  or  any  railway,  tramway,  or  canal 
company,  or  any  other  company,  body,  or  person  desire  to  have  any 
clauses  or  other  amendments  inserted  in  the  Order,  they  must  deliver 
the  same  to  the  agents  for  the  Order,  and  also  to  the  Board  of  Trade, 
not  later  than  the  8M  February. 

On  or  before  the  22nd  February  the  agents  must  deposit  at  the 
Board  of  Trade  a  fiUed-up  draft  printed  Order  (in  duplicate)  con- 
taining in  manuscript  all  such  clauses  or  other  amendments  as  have 
been  agreed  upon. 

If  any  of  the  clauses  or  other  amendments  which  have  been  de- 
livered to  the  agents  are  not  settled  with  the  consent  of  both  parties, 
the  agents  must,  so  far  as  they  can,  on  or  before  the  22nd  February, 
show  what  are  the  amendments,  if  any,  which  each  party  would  be 
willing  to  accept. 

After  the  22nd  February  no  further  proposals  for  clauses  will  be 
entertained  by  the  Board  of  Trade. 
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DEPOSIT  AND  ADVERTISEMENT  OF  ORDER  AS  MADE. 

*<  Section  13. — When  a  Provisional  Order  has  been  made  as  aforesaid  and 
*'  delivered  to  ihe  promoters,  the  promoters  shall  forthwith  publish  the  same 
•<  by  deposit  and  advertisement  according  to  the  regulations  contained  in 
••Part  IV.  of  the  Schedule  (B.)  to  this  Act." 

*'  Schedule  B.— (Part  IV.) 

•*  (i.)  The  promoters  are  to  deposit  printed  copies  of  the  Provisional  Order, 
**  when  settled  and  made  for  pubhc  iuspcciion  in  the  offices  of  clerks  of  the 
*•  peace  and  sheriflf  clerks,  where  the  documents  required  to  be  deposited  by 
*  them  under  Part  II.  of  this  schedule  were  depositeJ. 

"  (2.)  They  are  also  to  deposit  a  sufficient  number  of  such  printed  copies  at 
*'  the  cOlce  named  in  that  behalf  in  the  advertisement,  such  copies  to  be 
*'  there  lumishcd  to  all  persons  applying  for  them  at  the  price  of  not  more 
•*  than*  cacli. 

**  (3.)  They  are  also  to  publish  the  Provisional  Order  as  an  advertisement 
*'  once  in  the  local  newspaper  in  which  the  original  advertisement  of  the 
**  intended  application  was  published,  or,  in  case  the  same  shall  no  longer  be 
•'  pubhshed,  in  some  other  newspaper  published  in  the  district/' 

(AV*?.— Section  14  of  the  Act  requires  that  the  Order  as  made  shall  be 
deposited  and  advertised  not  laitr  than  the  25th  April.) 

Rule  XVI II. — Deposit  of  Amended  PI ati  and  Section, — Should 
any  alteration  of  the  plan  and  section  originally  deposited  for  the  pur- 
poses of  the  Order  be  made,  with  the  approval  of  the  Board  of  Trade, 
before  the  Order  is  granted^  a  copy  of  such  plan  and  section  (or  of  so 
much  thereof  as  may  be  necessary)^  showing  such  alteration,  must, 
before  the  Order  is  introduced  into  a  Confirmation  Bill,  be  deposited 
by  the  promoters  for  public  inspection  : — 

In  England,  in  the  office  of  the  clerk  of  the  peace  for  every  county, 
riding,  or  division,  and  of  the  parish  clerk  of  every  parish,  and  the 
office  of  the  Local  Authority  of  every  district,  affected  by  such  altera- 
tion ;  and 

In  Scotland,  in  the  office  of  the  principal  sheriff  clerk  for  every 
county,  district,  or  division  affected  by  such  alteration. 

Copies  of  such  documents  are  at  the  same  time  to  be  deposited 
at  the  office  of  the  Board  of  Trade,  in  the  office  of  the  clerk  of  the 
Parliaments  and  at  the  Private  Bill  Office. 

Rule  XIX. — When  a  Provisional  Order  has  been  made,  and  before 
it  is  introduced  into  the  Confirmation  Bill,  the  promoters  will  be 
required  to  submit  to  the  Board  of  Trade  the  following  proofs,  viz.  :— 

(1.)  The  receipt  of  the  clerk  of  the  peace  or  sheriff  clerk,  or  proof  by 

*  The  Board  of  Trade  consider  that  the  price  to  be  here  inserted  should 
not  be  more  than  one  shilling. 
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affidavit  of  the  deposit  of  the  Order  with  such  officer  as  required  by 
Part  IV.  of  Schedule  B.  to  the  Act. 

(2  )  A  copy  of  the  local  newspaper  containing  the  advertisement  of 
the  Order.  This  advertisement  must  have  a  short  heading  stating 
that  the  Order  has  been  made  by  the  Board  of  Trade  under  the  Tram- 
ways Act,  1870,  previous  to  its  being  introduced  into  a  Confirmation 
Bill,  and  must  also  state  the  name  of  the  office  where  printed  copies 
of  the  Order  can  be  obtained. 

(3.)  Proof  must  also  be  given  that  the  advertised  Order  is  a  correct 
copy  of  the  Order  delivered  by  the  Board  of  Trade  to  be  advertised, 
that  it  was  inserted  in  the  newspaper  in  which  the  original  advertise- 
ment of  the  application  for  the  Order  was  published,  and  that  a  suffi- 
cient number  of  printed  copies  of  the  Order  were  deposited  for  sale  at 
the  office  named  in  the  original  advertisement,  with  a  statement  of  the 
price  for  which  they  may  be  obtained. 

(4.)  Receipts  or  proof  by  affidavit  of  the  deposit  of  amended  plans 
as  required  by  Rule  XVI 1 1 . 

Printed  forms  for  these  proofs  will  be  furnished  by  the  Board  of 
Trade  when  the  Order  is  sent  to  the  promoters  to  be  advertised,  and 
one  of  these  forms  must  be  hlled  up  by  the  promoters,  and  brought  or 
forwarded  to  the  Department  with  the  requisite  documents  as  soon  as 
possible  after  the  advertisement  and  deposit  have  been  made. 

DEPOSIT  OF  MONEY,  PENALTY  FOR   NON-COMPLETION 
OF  TRAMWAYS,  AND  RELEASE  OF  DEPOSIT. 

Rule  XX. — Dej^osit  of  Money  in  the  Chancery  Division  under 
Section  12  of  Act, — After  the  Provisional  Order  is  ready*  and  before 
the  same  is  introduced  by  the  Board  of  Trade  into  a  Confirming  Bill, 
the  ^rc?/«<?/^rj  (unless  they  are  a  Local  Authority)  shall,  if  they  are 
not  possessed  of  a  tramway  already  opened  for  public  traffic,  which 
has  during  the  year  last  past  paid  dividends  on  their  ordinary  share 
capital,  pay  as  a  deposit  a  sum  of  money  not  less  than  five  per  centum 
on  the  amount  of  the  estimate  of  the  expense  of  the  construction  of 
the  tramway,  as  follows  ;  namely. 

Where  the  tramway  or  any  part  thereof  will  be  situate  in  England 
— to  the  account  of  the  Paymaster- General  for  and  on  behalf  of 
the  Supreme  Court  of  Judicature  in  England  to  the  credit  of  the 
particular  tramway : 
Where  the  tramway  will  be  situate  wholly  in  Scotland — either  to  the 
account  of  the  Paymaster-General  for  and  on  behalf  of  the 
Supreme  Court  of  Judicature  in  England  in  manner  aforesaid,  or 
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(at  the  option  of  the  promoters)  into  a  bank  in  Scotland  estab- 
lished by  Act  of  Parliament  or  Royal  Charter,  in  the  name  and 
with  the  privity  of  the  Queen's  Remembrancer  of  the  Court  of 
Exchequer  in  Scotland  ex  ^arte  the  particular  tramway. 

The  Board  of  Trade  may  issue  their  warrant  to  the  promoters  for 
such  payment  into  courts  which  warrant  shall  be  a  sufficient  authority 
for  iki^  persons  therein  named,  not  exceeding  five  in  number,  or  the 
majority  or  survivors  of  them,  to  pay  the  money  therein  mentioned  to 
the  account  of  the  Paymaster-General  for  and  on  behalf  of  the 
Supreme  Court  of  Judicature  in  England  or  into  the  bank  therein 
mentioned,  in  the  name  and  with  the  privity  of  the  officer  therein 
mentioned,  if  any,  and  for  that  officer  to  issue  directions  to  such  bank 
to  receive  the  same,  to  be  placed  to  his  account  there  according  to  the 
method  (prescribed  by  statute,  or  general  rules  or  orders  of  court  or 
otherwise)  for  the  time  being  in  force  respecting  the  payment  of 
money  into  the  said  courts  respectively,  and  without  fee  or  reward. 

Provided,  that  in  lieu,  wholly  or  in  part,  of  the  payment  of  money, 
the  promoters  may  bring  into  court  as  a  deposit  an  equivalent  sum  of 
bank  annuities,  or  of  any  stocks,  funds,  or  securities  on  which  cash 
under  the  control  of  the  respective  courts  is  for  the  time  being  per- 
mitted to  be  invested,  or  of  exchequer  bills  (the  value  thereof  being 
taken  at  the  price  at  which  the  promoters  originally  purchased  the 
same,  as  appearing  by  the  broker's  certificate  of  that  purchase)  ;  and 
in  that  case  the  Board  of  Trade  shall  vary  their  warrant  accordingly 
by  directing  the  transfer  or  deposit  of  such  amount  of  stocks,  funds, 
securities,  or  exchequer  bills  by  the  persons  therein  named. 

Where  money  is  so  paid  into  the  Supreme  Court  of  Judicature,  the 
court  may,  on  the  application  of  the  persons  named  in  the  warrant 
of  the  Board  of  Trade,  or  of  the  majority  or  survivors  of  them,  order 
that  the  same  be  invested  in  such  stocks,  funds,  or  securities  as  the 
applicants  desire  and  the  court  thinks  fit. 

In  the  subsequent  provisions  of  these  Rules,  the  term  **  the  deposit 
fund"  means  the  money  deposited,  or  the  stocks,  funds,  or  securi- 
ties in  which  the  same  is  invested,  or  the  bank  annuities,  stocks, 
funds,  securities,  or  exchequer  bills  transferred  or  deposited,  as  the 
case  may  be  ;  and  the  term  *'  the  depositors  "  means  the  persons 
named  in  the  warrant  of  the  Board  of  Trade  authorizing  the  deposit, 
or  the  majority  or  survivors  of  those  persons,  their  executors,  adminis- 
trators, or  assigns. 

Rule  XXI. — Perialty  for  Xon-completion  of  Tramways. — If  the 
promoters  empowered  by  the  Order  to  make  the  tramw^ay  are  pos- 
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sessed  of  a  tramway  already  opened  for  public  trafSc,  and  which  has 
during  the  year  last  past  paid  dividends  on  their  ordinary  share 
capital^  no  deposit  will  be  required  :  but  if  such  promoters  (unless 
they  are  a  Local  Authority)  do  not,  within  the  time  in  the  Order 
prescribed,  or  within  the  time  as  prolonged  by  the  special  direction 
of  the  Board  of  Trade  under  section  18  of  the  Tramways  Act,  1870, 
and  if  none  is  prescribed,  or  if  the  time  has  not  been  prolonged  as 
aforesaid,  then  within  two  years  from  the  passing  of  the  Act  con- 
firming the  Order,  complete  the  tramway  authorized  by  the  Order, 
they  will  be  liable  to  a  penalty  of  ;^5o  a  day  for  every  day  after  the 
expiration  of  the  period  so  limited,  until  the  said  tramway  is  com- 
pleted and  opened  for  public  traffic,  or  until  the  sum  received  in 
respect  of  such  penalty  shall  amount  to  five  per  cent,  on  the  esti- 
mated cost  of  the  works ;  and  the  said  penalty  may  be  applied  for 
by  any  road  authority  claiming  to  be  compensated  in  accordance 
with  the  provisions  of  Rule  XXII.,  and  in  the  same  manner  as  the 
penalty  provided  in  the  third  section  of  the  Act  17  &  18  Vict.  c.  3X, 
known  as  "The  Railway  and  Canal  Traffic  Act,  1854,"  ^°d  every 
sum  of  money  recovered  by  way  of  such  penalty  as  aforesaid  shall 
be  paid  under  the  warrant  or  order  of  such  court  or  judge  as  is 
specified  in  the  said  third  section  of  the  Act  17  &  18  Vict.  c.  31,  to 
an  account  opened  or  to  be  opened  in  the  name  and  with  the  privity 
of  the  Paymaster- General  for  and  on  behalf  of  the  Supreme  Court  of 
Judicature  in  England  [the  Queen's  Remembrancer  of  the  Court  of 
Exchequer  in  Scotland  (according  as  the  tramway  is  situate  in  Eng- 
land or  Scotland)],  in  the  bank  named  in  such  Order,  and  shall  not 
be  paid  thereout,  except  as  provided  by  Rule  XXIT.,  but  no  penalty 
will  accrue  in  respect  of  any  time  during  which  it  shall  appear,  by  a 
certificate  to  be  obtained  from  the  Board  of  Trade,  that  the  pro- 
moters were  prevented  from  completing  or  opening  such  tramway  by 
unforeseen  accident  or  circumstances  beyond  their  control:  Pro- 
vided that  the  want  of  sufficient  funds  will  not  be  held  to  be  a  circum- 
stance beyond  their  control. 

Rule  XXII. — Amplication  of  Deposit — If  the  promoters  em- 
powered by  the  Order  to  make  the  tramway  do  not  within  the  time 
in  the  Order  prescribed,  or  within  the  time  as  prolonged  by  the 
special  direction  of  the  Board  of  Trade  under  section  18  of  the 
Tramways  Act,  1870,  and  if  none  is  prescribed,  or  if  the  time  has 
not  been  prolonged  as  aforesaid,  then  within  two  years  from  the 
passing  of  the  Act  confirming  the  Order,  complete  the  tramway,  and 
open  it  for  public  traffic,  then  and  in  every  such  case  the  deposit 
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fund,  or  so  much  thereof  as  shall  not  have  been  repaid  to  the  de- 
positors (or  any  sum  of  money  recovered  by  way  of  such  penalty  as 
aforesaid),  shall  be  applicable,  and  after  due  notice  in  the  London 
or  Edinburgh  Gazette^  as  the  case  may  require,  shall  be  applied 
towards  compensating  all  road  authorities  for  the  expense  incurred 
by  them  in  taking  up  any  tramway  or  materials  connected  therewith 
placed  by  the  promoters  in  or  on  any  road  vested  in  or  maintainable 
by  such  road  authorities  respectively,  and  in  making  good  all  dama^^e 
caused  to  such  roads  by  the  construction  or  abandonment  of  such 
tramway,  and  for  which  expense  or  damage  no  compensation  or 
inadequate  compensation  shall  have  been  paid,  and  shall  be  dis* 
tributed  in  satisfaction  of  such  compensation  in  such  manner  and  in 
such  proportions  as  to  the  Supreme  Court  of  Judicature  in  England, 
or  Court  of  Exchequer  in  Scotland,  as  the  case  may  be,  may  seem 
fit ;  and  if  no  such  compensation  shall  be  payable,  or  if  a  portion  of 
the  said  deposit  fund  (or  of  the  sum  or  sums  of  money  recovered  by 
way  of  penalty  aforesaid)  shall  have  been  found  sufficient  to  satisfy 
all  just  claims  in  respect  of  such  compensationi  then  the  said  deposit 
fund  (or  the  sum  or  sums  of  money  recovered  by  way  of  penalty 
aforesaid),  or  such  portion  of  it  as  may  not  be  required  as  aforesaid, 
shall  in  the  discretion  of  the  court  if  the  promoters  are  a  company 
and  a  receiver  has  been  appointed,  or  if  such  company  is  insolvent 
and  has  been  ordered  to  be  wound  up,  be  paid  or  transferred  to  such 
receiver,  or  to  the  liquidator  or  liquidators  of  the  company,  or  be 
applied  in  the  discretion  of  the  court  as  part  of  the  assets  of  the 
company,  for  the  benefit  of  the  creditors  thereof:  Subject  to  such 
application  as  aforesaid,  the  deposit  fund  may  be  repaid  or  re- trans- 
ferred to  the  depositors  or  as  they  shall  direct. 

Rule  y^^Wl.—Release  of  Deposit. — The  court  in  which  the 
deposit  is  made  shall,  on  the  application  of  the  depositors,  order  the 
deposit  fund  to  be  paid  or  transferred  to  the  applicants,  or  as  they 
shall  direct,  if,  within  the  time  by  the  Order  prescribed,  or  within 
the  time  prolonged  by  the  special  direction  of  the  Board  of  Trade 
under  section  18  of  the  Tramways  Act,  1870,  and  if  none  is  pre- 
scribed, or  if  the  time  has  not  been  prolonged  as  aforesaid,  then 
within  two  years  from  the  passing  of  the  Act  confirming  the  Order, 
the  promoters  thereby  empowered  to  make  the  tramway,  complete  it, 
and  open  it  for  public  traffic  after  inspection  by  an  inspector  ap- 
pointed by  the  Board  of  Trade,  and  upon  a  certificate  of  the  Board 
of  Trade  that  the  tramway  is  fit  for  public  traffic,  as  provided  by 
Rule  XXV.  :  Provided,  that  if  within  such  time  as  aforesaid  any 
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portion  of  a  line  of  tramway  authorized  by  an  Order  is  opened  for 
public  traffic,  after  such  inspection  as  aforesaid,  and  on  such  certifi- 
cate under  Rule  XXV.  as  aforesaid,  then  on  the  production  of  a 
certificate  of  the  Board  of  Trade,  specifying  the  length  of  the  portion 
of  the  tramway  opened  as  aforesaid,  and  the  portion  of  the  deposit 
fund  which  bears  to  the  whole  of  the  deposit  fund  the  same  propor- 
tion as  the  length  of  the  tramway  so  opened  bears  to  the  entire 
length  of  the  tramway  authorized  by  the  Order,  the  court  in  which 
the  deposit  is  made  shall,  on  the  application  of  the  depositors,  order 
the  said  portion  of  the  deposit  fund  so  specified  in  such  certificate 
as  aforesaid  to  be  paid  or  transferred  to  them,  or  as  they  shall 
direct. 

Rule  'XXXV, ^-Miscellaneous  as  to  Deposits, — The  depositors 
shall  be  entitled  to  receive  payment  of  any  interest  or  dividends 
from  time  to  time  accruing  on  the  deposit  fund  while  in  court ;  and 
the  court  in  which  the  deposit  is  made  may  from  time  to  time,  on 
the  application  of  the  depositors,  make  such  order  as  seems  fit 
respecting  the  payment  of  the  interest  or  dividends  accordingly. 

If  either  House  of  Parliament  refuse  to  confirm  any  Provisional 
Order  in  respect  whereof  a  deposit  has  been  made  under  these  rules, 
or  authorize  a  portion  only  of  any  tramway  comprized  in  such  Order, 
or  if  any  such  Provisional  Order  be  withdrawn  before  the  same  is 
confirmed  by  Parliament,  the  court  shall,  upon  production  of  a  cer- 
tificate of  the  Board  of  Trade,  order  the  deposit  fund  or  a  propor- 
tionate part  thereof,  as  the  case  may  be,  to  be  paid  to  the  depositors, 
or  as  they  shall  direct. 

The  issuing  in  any  case  of  any  warrant  or  certificate  relating  to 
deposit  or  to  the  deposit  fund,  or  any  error  in  any  such  warrant  or 
certificate  or  in  relation  thereto,  shall  not  make  the  Board  of  Trade, 
or  the  person  signing  the  warrant  or  certificate  on  their  behalf,  in 
any  manner  liable  for  or  in  respect  of  the  deposit  fund,  or  the  interest 
of  or  dividends  on  the  same,  or  any  part  thereof  respectively. 

Any  application  under  these  Rules  to  the  Supreme  Court  of  Judi- 
cature shall  be  made  in  a  summary  manner  by  summons  at 
Chambers. 

OPENING  OF  TRAMWAYS. 

Rule  XXV.— The  promoters  shall  give  to  the  Board  of  Trade  at 
least  14  days'  notice  in  writing  of  their  intention  to  open  any  tram- 
way,  or  portion  of  a  tramway,  and  such  tramway  or  portion  of 
tramway,  shall  not  be  opened  for  public  traffic  until  an  Inspector 
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appointed  by  the  Board  of  Trade  has  inspected  the  same,  and  the 
Board  of  Trade  has  certified  that  it  is  fit  for  such  traffic.  The 
above-mentioned  notice  should  be  accompanied  by  the  following 
documents,  viz. : 

(i.)  A  copy  of  the  Act  or  Provisional  Order  authorizing-  the  con> 
struction  of  the  tramways. 

(2.)  A  copy  or  tracing  of  so  much  of  the  deposited  plans  and  sec- 
tions as  relates  to  the  portion  of  tramway  proposed  to  be  opened, 
distinguishing  between  double  and  single  line,  and  showing  in  red 
ink  any  variations  therefrom  in  the  tramways  as  constructed. 

(3.)  A  list  of  the- local  and  road  authorities  concerned. 

(4.)  A  diagram  of  the  lines  submitted  for  inspection,  on  a  scale  of 
about  two  inches  to  a  mile. 

PROLONGATION  OF  TIME  FOR  THE  COMMENCEMENT 

OR  COMPLETION  OF  WORKS, 

The  Board  of  Trade,  under  the  powers  conferred  upon  them  by 
section  18  of  the  Tramways  Act,  1870,  have  made  the  following 
Rules  with  respect  to  applications  for  a  prolongation  of  time  for  the 
commencement  or  the  completion  of  the  works  authorized  by  any 
Order  made  under  the  above-named  Act : — 

1 .  The  application  should  be  in  the  form  of  a  memorial  setting 
forth  the  grounds  on  which  the  application  is  made,  and  must  be 
made  at  least  one  month  before  the  expiration  of  the  time  prescribed 
for  the  commencement  or  the  completion  of  the  works,  as  the  case 
may  be. 

2.  The  promoters  of  any  tramway  undertaking  authorized  by  any 
Order,  who  intend  to  apply  to  the  Board  of  Trade  for  a  prolongation 
of  the  time  limited  for  the  commencement  or  the  completion  of  the 
works  authorized  by  such  Order,  shall  publish  by  advertisement, 
once  at  least  in  each  of  two  successive  weeks,  in  some  one  and  the 
same  newspaper  published  in  the  district  affected  by  such  Order,  a 
notice  of  their  intention  to  apply  to  the  Board  of  Trade  for  a  pro- 
longation of  time. 

3.  The  notice  must  state  the  period  to  which  it  is  proposed  to 
prolong  the  time  limited  for  the  commencement  or  the  completion  of 
the  works,  as  the  case  may  be,  and  must  contain  a  notification  that 
all  persons  desirous  of  making  any  representation  to  the  Board  of 
Trade,  or  of  bringing  before  them  any  objection  respecting  the 
application,  may  do  so  by  letter  addressed  to  the  Assistant  Secre- 
tary (Railway  Department),  Board  of  Trade,  on  or  before  a  day  to 
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be  named  in  the  advertisement,  being  not  less  than  21  days  from  the 
date  of  the  first  publication  of  the  advertisement,  and  that  copies  of 
their  representations  or  objections  should  at  the  same  time  be  sent 
to  the  promoters. 

4.  A  similar  notice  must  be  delivered  to  every  local  and  road 
authority  before  the  second  publication  of  the  notice.  Copies  of 
newspapers  containing  the  notice,  and  a  statement  that  a  copy  of  it 
has  been  duly  served  on  the  local  and  road  authorities  as  required 
by  these  Rules,  must  be  sent  to  the  Board  of  Trade  with  the  appli- 
cation. 

5.  Before  the  Board  01  Trade  comply  with  the  application,  they 
will  impose  such  conditions  (if  any)  as  they  think  fit. 
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III.— Forms  of  Byelaws  and  Regulations  issued 

BY  THE  Board  of  Trade — 

(i)  For  a  Local  Authority. 

(ii)  For  a  Tramway  Company. 

(iii)  With  respect  to  the  Use  of  Steam  Power. 

(iv)  With  respect  to  Electric  Traction. 


(10 
byelaws  and  regulations  made  by  the  local 

authority,   under  section    46   OF    THE   TRAM- 
WAYS ACT,  1870. 

1.  For  the  purpose  of  these  Byelaws  and  Regulations  the  term 
"  car"  shall  mean  any  [engine  or]  carriage  using  any  tramway  laid 
down  within  the  said  [borough],  and  the  terms  **  driver  *'  and  "  con- 
ductor'* shall  respectively  mean  the  driver  and  conductor  or  other 
person  having  charge  of  a  [an  engine  or]  car. 

2.  The  driver  of  every  car  shall  cause  the  same  to  be  driven  at  a 
speed  of  not  less  than  [four]  miles  an  hour  on  the  average,  and  not 
exceeding  eight  miles  an  hour. 

3.  The  driver  of  every  car  shall  so  drive  the  same  that  it  shall  not 
follow  a  preceding  car  at  a  less  distance  than  *  yards. 

4.  Subject  to  the  requirements  of  Byelaws  Nos.  3  and  5,  the  driver 
or  conductor  of  a  car  shall  stop  the  same  for  the  purpose  of  setting 
down  or  taking  up  passengers,  when  required  by  any  passenger 
desiring  to  leave  the  car,  or  by  any  person  desirous  of  travelling  by 
the  car,  for  whom  there  is  room,  and  to  whose  admission  no  valid 
objection  can  be  made  :  Provided  that  nothing  in  this  Byelaw  shall 
require  a  car  to  be  stopped  on  any  gradient  steeper  than  i  in  25. 

*  This  distance  should  be  not  less  than  10  nor  more  than  150  yards 
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5.  Except  at  a  passing  place  or  terminus,  no  car  shall  be  stopped 
at  the  intersection  or  junction  of  two  or  more  streets  or  roads,  nor 
within  [ten]  yards  of  a  car  on  an  adjoining  line  of  rails. 

6.  The  driver  of  a  car,  on  coming  in  sight  of  a  vehicle  standing  or 
travelling  on  any  part  of  the  road  so  as  not  to  leave  sufficient  space 
for  the  car  to  pass,  shall  sound  his  bell  or  whistle  as  a  warning  to 
the  person  in  charge  of  such  vehicle,  and  that  person  shall,  with 
reasonable  dispatch,  cause  such  vehicle  to  be  removed  so  as  not  to 
obstruct  the  car. 

7.  No  person  shall  in  any  way  wilfully  impede  or  interfere  with  the 
traffic  on  the  tramways,  nor  shall  any  driver  or  conductor  needlessly 
cause  interruption  to  the  ordinary  road  traffic. 

8.  Every  driver,  conductor,  or  other  person  offending  against  any 
of  these  Byelaws  and  Regulations  shall  be  liable  to  a  penalty  not 
exceeding  forty  shillings  for  each  offence,  and  not  exceeding  for  any 
continuing  offence  ten  shillings  for  every  day  during  which  the 
offence  continues. 

{Here  viseri  atiy  Byelaws  to  meet  special  cases.] 

9.  These  Byelaws  shall  come  into  force  on  the  day 
of                       18      . 

The  Common  Seal  .of  the  said  Mayor,  Aldermen,  and  Burgesses, 
affixed  by  order  of  the  Council  of  the  said  Borough  at  a  meet- 
ing of  such  Council  held  on  the  day  of 
in  the  presence  of 

Mayor, 
by  Town  Clerk. 


I  hereby  certify  that  a  true  copy  of  the  foregoing  Byelaws  and 
Regulations  has,  in  accordance  with  the  provisions  of  section  46  of 
the  Tramways  Act,  1870,  been  laid  before  the  Board  of  Trade  not 
less  than  two  calendar  months  before  such  Byelaws  and  Regulations 
came  into  operation,  and  that  such  Byelaws  and  Regulations  have 
not  been  disallowed  by  the  Board  of  Trade  within  the  said  two 
calendar  months. 

A/i  Assistant  Secretary  to  the  Board  of  Trade, 
day  of  189     . 
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(11.) 

BYELAWS  AND  REGULATIONS  MADE  BY  THE  COM- 
PANY UNDER  THE  POWERS  CONFERRED  OX  THE 
COMPANY  BY  THE  TRAMWAYS  ACT,  1870. 

1.  The  Byelaws  and  Regulations  hereinafter  set  forth  shall 
extend  and  apply  to  all  carriages  of  the  Company,  and  to  all  places 
with  respect  to  which  the  Company  have  power  to  make  Byelaws  or 
Regulations. 

2.  Eveiy  passenger  shall  enter  or  depart  from  a  carriage  by  the 
hindermost  or  conductor* s  platform,  and  not  otherwise. 

3.  No  passenger  shall  smoke  inside  any  carriage. 

4.  No  passenger  or  other  person  shall,  while  travelling  in  or  upon 
any  carriage,  play  or  perform  upon  any  musical  instrument. 

5.  A  person  in  a  state  of  intoxication  shall  not  be  allowed  to  enter 
or  mount  upon  any  carriage,  and  if  found  in  or  upon  any  carriage 
shall  be  immediately  removed  by  or  under  the  direction  of  the  con- 
ductor. 

6.  No  person  shall  swear  or  use  obscene  or  offensive  language 
whilst  in  or  upon  any  carriage,  or  commit  any  nuisance  in  or  upon 
or  against  any  carriage,  or  wilfully  interfere  with  the  comfort  of  any 
passenger. 

7.  No  person  shall  wilfully  cut,  tear,  soil^  or  damage  the  cushions 
or  the  linings,  or  remove  or  deface  any  number  plate,  printed  or 
other  notice,  in  or  on  the  carriage,  or  break  or  scratch  any  window 
of  or  otherwise  wilfully  damage  any  carriage.  Any  person  acting  in 
contravention  of  this  Regulation  shall  be  liable  to  the  penalty  pre- 
scribed by  these  Byelaws  and  Regulations,  in  addition  to  the  liability 
to  pay  the  amount  of  any  damage  done. 

8.  A  person  whose  dress  or  clothing  might,  in  the  opinion  of  the 
conductor  of  a  carriage,  soil  or  injure  the  linings  or  cushions  of  the 
carriage,  or  the  dress  or  clothing  of  any  passenger,  or  a  person  who, 
in  the  opinion  of  the  conductor,  might  for  any  other  reason  be  oflfen- 
sive  to  passengers,  shall  not  be  entitled  to  enter  or  remain  in  the 
interior  of  any  carriage,  and  may  be  prevented  from  entering  the 
interior  of  any  carriage,  and  shall  not  enter  the  interior  of  any  car- 
riage after  having  been  requested  not  to  do  so  by,the  conductor,  and, 
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if  found  in  the  interior  of  any  carriage,  shall,  on  request  of  the  con- 
ductor, leave  the  interior  of  the  carriage  upon  the  fare,  if  previously 
paid,  being  returned. 

9.  Each  passenger  shall,  upon  demand,  pay  to  the  conductor  or 
other  duly  authorised  officer  of  the  Company  the  fare  legally  demand- 
able  for  the  journey. 

10.  Each  person  shall  show  his  Ticket  (if  any)  when  required  so  to 
do  to  the  conductor  or  any  duly  authorised  servant  of  the  Company, 
and  shall  also,  when  required  so  to  do  either  deliver  up  his  Ticket  or 
pay  the  fare  legally  demandable  for  the  distance  travelled  over  by 
such  passenger. 

11.  A  passenger  not  being  an  artisan,  mechanic,  or  daily  labourer, 
within  the  true  intent  and  meaning  of  the  Acts  of  Parliament  relat- 
ing to  the  Company,  shall  not  use  or  attempt  to  use  any  Ticket 
intended  only  for  such  artisans,  mechanics,  or  daily  labourers. 

12.  Personal  or  other  luggage  (including  the  tools  of  artisans, 
mechanics,  and  daily  labourers)  shall,  unless  otherwise  permitted 
by  the  conductor,  be  placed  on  the  front  or  driver's  platform,  and 
not  in  the  interior  or  on  the  roof  of  any  carriage. 

13.  No  passenger  or  other  person  not  being  a  servant  of  the  Com- 
pany shall  be  permitted  to  travel  on  the  steps  or  platforms  of  any 
carriage,  or  stand  either  on  the  roof  or  in  the  interior,  or  sit  on  the 
outside  rail  on  the  roof  of  any  carriage,  and  shall  cease  to  do  so 
immediately  on  request  by  the  conductor. 

14.  No  person,  except  a  passenger  or  intending  passenger,  shall 
enter  or  mount  any  carriage,  and  no  person  shall  hold  or  hang  on  by 
or  to  any  part  of  any  carriage,  or  travel  therein  otherwise  than  on  a 
seat  provided  for  passengers. 

15.  When  any  carriage  contains  the  full  number  of  passengers 
which  it  is  licensed  to  contain,  no  additional  person  shall  enter, 
mount,  or  remain  in  or  on  any  such  carriage  when  warned  by  the 
conductor  not  to  do  so. 

16.  When  a  carriage  contains  the  full  licensed  number  of  passen- 
gers, a  notice  to  that  effect  shall  be  placed  in  conspicuous  letters 
and  in  a  conspicuous  position  on  the  carriage. 

17.  The  conductor  shall  not  permit  any  passenger  beyond  the 
licensed  number  to  enter  or  mount  or  remain  in  or  upon  any  part  of 
a  carriage. 

18.  No  person  shall  enter,  mount,  or  leave,  or  attempt  to  enter, 
mount,  or  leave,  any  carriage  whilst  in  motion. 
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19.  No  dog  or  other  animal  shall  be  allowed  in  or  on  any  car- 
riage, except  by  the  permission  of  the  conductor,  nor  in  any  case  in 
which  the  conveyance  of  such  dog  or  other  animal  might  be  offensive 
or  an  annoyance  to  passengers.  No  person  shall  take  a  dog  01 
other  animal  into  any  carriage  after  having  been  requested  not  to  do 
so  by  the  conductor.  Any  dog  or  other  animal  taken  into  or  on  any 
carriage  in  breach  of  this  Regulation  shall  be  removed  by  the  person 
in  charge  of  such  dog  or  other  animal  from  the  carriage  immediately 
upon  request  by  the  conductor,  and  in  default  of  compliance  with 
such  request  may  be  removed  by  or  under  the  direction  of  the  con- 
ductor. 

20.  No  person  shall  travel  in  or  on  any  carriage  of  the  Company 
with  loaded  fire-arms. 

21.  No  passenger  shall  wilfully  obstruct  or  impede  any  officer  or 
servant  of  the  Company  in  the  execution  of  his  duty  upon  or  in  con- 
nexion with  any  carriage  or  tramway  of  the  Company. 

22.  The  conductor  of  each  carriage  shall  enforce  or  prevent  the 
breach  of  these  Byelaws  and  Regulations  to  the  best  of  his  ability. 

23.  Any  person  offending  against  or  committing  a  breach  of  any 
of  these  Byelaws  or  Regulations  shall  be  liable  to  a  penally  not  ex- 
ceeding Forty  Shillings. 

24.  The  expression  ''conductor**  shall  include  any  officer  or 
servant  in  the  employment  of  the  Company  and  having  charge  of  a 
carriage. 

25.  There  shall  be  placed  and  kept  placed  in  a  conspicuous 
position  inside  of  each  carriage  in  use  a  printed  copy  of  these  Bye- 
laws and  Regulations. 

26.  These  Byelaws  shall  come  into  force  on  the  day 
of                          ,  189     . 

Secretary  of  the  Company, 

I  hereby  certify  that  a  true  copy  of  the  foregoing  Byelaws  and 
Regulations  has,  in  accordance  with  the  provisions  of  s.  46  of  the 
Tramways  Act,  1870,  been  laid  before  the  Board  of  Trade  not  less 
than  two  calendar  months  before  such  Byelaws  and  Regulations 
came  into  operation,  and  that  such  Byelaws  and  Regulations  have 
not  been  disallowed  by  the  Board  of  Trade  within  the  said  two 
calendar  months. 

Ati  Assistant  Secretary  to  the  Board  of  Trade, 

189    . 
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(III.) 

REGULATIONS  AND  BYELAWS  MADE  BY  THE  BOARD 
OF  TRADE  WITH  RESPECT  TO  THE  USE  OF  STEAM 
[OR  ANY  MECHANICAL]  POWER  ON  TRAMWAYS. 

The  Board  of  Trade  under  and  by  virtue  of  the  powers  conferred 
upon  them  in  this  behalf,  do  hereby  order  that  the  following  Regula- 
tions for  securing  to  the  public  reasonable  protection  against  danger 
in  the  exercise  of  the  powers  conferred  by  Parliament  w^ith  respect  to 
the  use  of  steam  [or  any  mechanical]  power  on  all  or  any  of  the 
tramways  on  which  the  use  of  such  power  has  been  authorised  by  the 

(hereinafter  called  ''  the  tramways '') 
be  [added  to]  or  [substituted  for]  all  other  Regulations  in  this  behalf 
contained  in  any  Tramway  Act  or  Tramway  Order  confirmed  by  Act 
of  Parluunent  or  in  any  Order  of  the  Board  of  Trade  heretofore  made 
thereunder : 

And  the  Board  of  Trade  do  also  hereby  [make  the  following  Bye- 
laws]  or  [rescind  and  annul  all  Byelaws  heretofore  made  by  them 
with  regard  to  all  or  any  of  the  tramways  afoiesaid,  and  do  hereby 
make  the  following  Byelaws],  or  [in  addition  to  the  Byelaws  already 
made  by  them]  with  regard  to  all  or  any  of  such  tramways  : — 

Regulations. — I.  The  engine  or  engines  to  be  used  on  the 
tramways  shall  comply  with  the  following  requirements^  that  is  to 
say: — 

(a.)  Each  coupled  wheel  shall  be  fitted  with  a  break  block,  which 
can  be  applied  by  a  screw  or  treadle  or  by  other  means,  and 
also  by  steam. 

(3,)  A  governor  (which  cannot  be  tampered  with  by  the  driver) 
shall  be  attached  to  each  engine,  and  shall  be  so  arranged 
that  at  any  time  when  the  engine  exceeds  a  speed  of  \tefi\ 
miles  an  hour  it  shall  cause  the  steam  to  be  shut  off  and  the 
break  applied. 

(^.)  Each  engine  shall  be  numbered  and  the  number  shall  be 
shown  in  a  conspicuous  part  thereof. 
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{d,)  Each  engine  shall  be  fitted  with  an  indicator  by  means  of 
which  the  speed  is  shown  ;  with  a  suitable  fender  to  push 
aside  obstructions ;  and  with  a  special  bell  [or  whistle,  or 
other  apparatus]  to  be  sounded  as  a  warning  when  neces- 
sary. 

(^.)  Arrangements  shall  be  made  enabling  the  driver  to  com- 
mand the  fullest  possible  view  of  the  road  before  him. 

(/)  Each  engine  shall  be  free  from  noise  produced  by  blast  and 
from  the  clatter  of  machineiy  such  as  to  constitute  any 
reasonable  ground  of  complaint  either  to  the  passengers  or 
to  the  public  ;  the  machinery  shall  be  concealed  from  view 
at  all  points  above  four  inches  from  the  level  of  the  rails, 
and  all  fire  used  on  such  engines  shall  be  concealed  from 
view. 

II.  Every  carriage  used  on  the  tramways  shall  be  so  constructed 
as  to  provide  for  the  safety  of  passengers,  and  for  their  safe  entrance 
to,  exit  from,  and  accommodation  in,  such  carriages,  and  for  their 
protection  from  the  machinery  of  any  engine  used  for  drawing  or 
propelling  such  carriages. 

III.  The  Board  of  Trade  and  their  officers  may,  from  time  to 
time  and  shall  on  the  application  of  the  Local  Authority  of  any  of 
the  districts  through  which  the  said  tramways  pass,  inspect  such 
engines  or  carriages  used  on  the  tramways  and  the  machinery 
therein,  and  may,  whenever  they  think  fit,  prohibit  the  use  on  the 
tramways  of  any  of  them  which  in  their  opinion  are  not  safe  for  use. 

IV.  The  speed  at  which  such  engines  and  carriages  shall  be 
driven  or  propelled  along  the  tramways  shall  not  exceed  the  rate  oi 
{eighf\  miles  an  hour,  and  the  speed  at  which  such  engines  and 
carriages  shall  pass  through  facing-points,  whether  fixed  or  movable, 
shall  not  exceed  the  rate  oifour  miles  an  hour. 

V.  The  engines  and  carriages  shall  be  connected  by  double 
couplings. 

VI.  Every  engine  running  on  the  tramways  shall  carry  a  lamp  or 
lamps  placed  in  a  conspicuous  position  in  the  front  of  the  engine, 
and  such  lamp  or  lamps  shall  be  kept  lighted  from  sunset  to  sunrise, 
or  when  there  is  a  fog,  and  shall  show  when  lighted  a  bright  coloured 
light. 

[Here  to  follow  any  special  Regulations  that  may  be  necessary?^ 
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VII.  The  speed  of  the  engines  and  carriages  shall  not  exceed  the 
rate  oifour  miles  an  hour  at  the  following  places  : — 

Penalty, — Note, — ^Any  Company  or  person  using  steam  [or  any 
mechanical]  power  on  the  tramways  contrary  to  any  of  the  above 
Regulations  is  for  every  such  offence  subject  to  a  penalty  not  ex- 
ceeding ten  pounds,  and  also  in  the  case  of  a  continuing  offence  to  a 
further  penalty  not  exceeding  five  pounds  for  every  day  after  the 
first,  during  which  such  offence  continues. 

Byelaws. — I.  The  special  bell  [or  whistle,  or  other  apparatus] 
shall  be  sounded  by  the  driver  of  the  engine  from  time  to  time  when 
it  is  necessary  as  a  warning. 

II.  No  smoke  or  steam  shall  be  emitted  from  the  engines  so  as  to 
constitute  any  reasonable  ground  of  complaint  to  passengers  or  to 
the  publip. 

III.  Whenever  it  is  necessary  to  avoid  impending  danger,  the 
engine  shall  be  brought  to  a  standstill, 

IV.  The  entrance  to  and  exit  from  the  carriages  shall  be  by  the 
hindermost  or  conductor's  platform. 

{Here  to  follow  any  special  Byelaws  t/iat  may  be  necessary,'] 

V.  The  engines  and  carriages  shall  be  brought  to  a  standstill 
immediately  before  reaching  the  following  points  : — 

VI.  A  printed  copy  of  the  foregoing  Regulations  and  Byelaws, 
and  of  all  additional  Regulations  and  Byelaws  hereafter  made,  shall 
be  placed,  and  kept  placed,  in  a  conspicuous  position  inside  of  each 
carriage  in  use  on  the  tramways. 

Penalty. — Note. — Any  person  or  corporation  offending  against  or 
committing  a  breach  of  any  of  these  Byelaws  is  liable  to  a  penalty 
not  exceeding  forty  shillings. 

The  provisions  of  the  Tramways  Act,  1870,  with  respect  to  re- 
covery of  penalties  is  applicable  to  the  penalties  for  the  breach  of 
these  Regulations  or  Byelaws. 

Signed  by  order  of  the  Board  of  Trade  this  day  of  189  . 


An  Assistant  Secretary  to  the  Board  of  Trade. 
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(IV,) 

REGULATIONS  MADE  BY  THE  BOARD  OF  TRADE  UNDER 
THE    PROVISIONS    OF  THE  TRAMWAYS 

ACT,  FOR  REGULATING  THE  EMPLOYMENT  OF 
INSULATED  RETURNS,  OR  OF  UNINSULATED  ME- 
TALLIC RETURNS  OF  LOW  RESISTANCE ;  FOR  PRE- 
VENTING FUSION  OR  INJURIOUS  ELECTROLYTIC 
ACTION  OF  OR  ON  GAS  OR  WATER  PIPES  OR  OTHER 
METALLIC  PIPES,  STRUCTURES,  OR  SUBSTANCES; 
AND  FOR  MINIMISING  AS  FAR  AS  IS  REASONABLY 
PRACTICABLE  INJURIOUS  INTERFERENCE  WITH 
THE  ELECTRIC  WIRES,  LINES,  AND  APPARATUS  OF 
PARTIES  OTHER  THAN  THE  COMPANY,  AND  THE 
CURRENTS  THEREIN,  WHETHER  SUCH  LINES  DO  OR 
NOT  USE  THE  EARTH  AS  A  RETURN. 

Definitions. —  In  the  following  regulations — The  expression 
"energy"  means  electrical  energy.  The  expression  ** generator" 
means  the  dynamo  or  dynamos  or  other  electrical  apparatus  used 
for  the  generation  of  energy.  The  expression  "motor"  means  any 
electric  motor  carried  on  a  car  and  used  for  the  conversion  of  energy. 
The  expression  "pipe"  means  any  gas  or  water  pipe  or  other 
metallic  pipe,  structure,  or  substance.  The  expression  "wire" 
means  any  wire  or  apparatus  used  for  telegraphic,  telephonic,  elec- 
trical signalling  or  other  similar  purposes.  The  expression  "  cur- 
rent "  means  an  electric  current  exceeding  one-thousanth  part  of  one 
ampere.  The  expression  "The  Company"  has  the  same  meaning 
as  in  the  Tramways  Act. 

Regulations. — i.  Any  dsmamo  used  as  a  generator  shall  be  of 
such  pattern  and  construction  as  to  be  capable  of  producing  a  con- 
tinuous current  without  appreciable  pulsation** 

2.  One  of  the  two  conductors  used  for  transmitting  energy  from 

*  The  Board  of  Trade  will  be  prepared  to  consider  the  issue  of  regulations 
for  the  use  of  alternating  currents  for  electrical  traction  on  application. 


REGULATIONS  AS   TO  ELECTRIC  TRACTION.        703 

the  generator  to  the  motors  shall  be  in  every  case  insulated  from 
earth,  and  is  hereinafter  referred  to  as  the  '*  line**  ;  the  other  may 
be  insulated  throughout,  or  may  be  uninsulated  in  such  parts  and  to 
such  extent  as  is  provided  in  the  following  regulations,  and  is  herein- 
after referred  to  as  the  "  return." 

3.  Where  any  rails  on  which  cars  run  or  any  conductors  laid 
between  or  within  three  feet  of  such  rails  form  any  part  of  a  return, 
such  part  may  be  uninsulated.  All  other  returns  or  parts  of  a  return 
shall  be  insulated,  unless  of  such  sectional  area  as  will  reduce  the 
difference  of  potential  between  the  ends  of  the  uninsulated  portion  of 
the  return  below  the  limit  laid  down  in  Regulation  7. 

4.  When  any  uninsulated  conductor  laid  between  or  within  three 
feet  of  the  rails  forms  any  part  of  a  return,  it  shall  be  electrically 
connected  to  the  rails  at  distances  apart  not  exceeding  100  feet 
by  means  of  copper  strips  having  a  sectional  area  of  at  least 
one-sixteenth  of  a  square  inch,  or  by  other  means  of  equal  conduc- 
tivity. 

5.  When  any  part  of  a  return  is  uninsulated  it  shall  be  connected 
with  the  negative  terminal  of  the  generator,  and  in  such  case  the 
negative  terminal  of  the  generator  shall  also  be  directly  connected, 
through  the  current-indicator  hereinafter  mentioned,  to  two  separate 
earth  connections  which  shall  be  placed  not  less  than  20  yards 
apart. 

Provided  that  in  place  of  such  two  earth  connections  the  Com- 
pany may  make  one  connection  to  a  main  for  water  supply  of  not 
less  than  three  inches  internal  diameter,  with  the  consent  of  the  owner 
thereof  and  of  the  person  supplying  the  water,  and  provided  that 
where,  from  the  nature  of  the  soil  or  for  other  reasons,  the  Company 
can  show  to  the  satisfaction  of  an  inspecting  officer  of  the  Board  of 
Trade  that  the  earth  connections  herein  specified  cannot  be  con- 
structed and  maintained  without  undue  expense  the  provisions  of 
this  regulation  shall  not  apply. 

The  earth  connections  referred  to  in  this  regulation  shall  be  con- 
structed, laid,  and  maintained  so  as  to  secure  electrical  contact 
with  the  general  mass  of  earth,  and  so  that  an  electro-motive  force, 
not  exceeding  four  volts,  shall  suffice  to  produce  a  current  of  at 
least  two  amperes  from  one  earth  connection  to  the  other  through 
the  earth,  and  a  test  shall  be  made  at  least  once  in  every  month  to 
ascertain  whether  this  requirement  is  complied  with. 

No  portion  of  either  earth  connection  shall  be  placed  within  6  feet 
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of  any  pipe  except  a  main  for  water  supply  of  not  less  than  3  inches 
internal  diameter  which  is  metallically  connected  to  the  earth  con- 
nections with  the  consents  hereinbefore  specified. 

6.  When  the  return  is  partly  or  entirely  uninsulated  the  Company 
shall  in  the  construction  and  maintenance  of  the  tramway  (d)  so 
separate  the  uninsulated  return  from  the  general  mass  of  earth,  and 
from  any  pipe  in  the  vicinity ;  [b)  so  connect  together  the  several 
lengths  of  the  rails ;  (c)  adopt  such  means  for  reducing  the  differ- 
ence produced  by  the  current  between  the  potential  of  the  unin- 
sulated return  at  any  one  point  and  the  potential  of  the  uninsulated 
return  at  any  other  point ;  and  {d)  so  maintain  the  efficiency  of  the 
earth  connections  specified  in  the  preceding  regulations  as  to  fulfil 
the  following  conditions,  viz : — 

(i.)  That  the  current  passing  from  the  earth  connections  through 
the  indicator  to  the  generator  shall  not  at  any  time  exceed 
either  two  amperes  per  mile  of  single  tramway  line  or  five  per 
cent,  of  the  total  current  output  of  the  station. 

(ii.)  That  if  at  any  time  and  at  any  place  a  test  be  made  by  con- 
necting a  galvanometer  or  other  current-indicator  to  the  unin- 
sulated return  and  to  any  pipe  in  the  vicinity,  it  shall  always  be 
possible  to  reverse  the  direction  of  any  current  indicated  by  in- 
terposing a  battery  of  three  Leclanch6  cells  connected  in  series  if 
the  direction  of  the  current  is  from  the  return  to  the  pipe,  or  by 
interposing  one  Leclanch^  cell  if  the  direction  of  the  current  is 
from  the  pipe  to  the  return. 

In  order  to  provide  a  continuous  indication  that  the  condition  (i) 
is  complied  with,  the  Company  shall  place  in  a  conspicuous  position 
a  suitable,  properly  connected,  and  correctly  marked  current- 
indicator,  and  shall  keep  it  connected  during  the  whole  time  that  the 
line  is  charged. 

The  owner  of  any  such  pipe  may  require  the  Company  t!>  permit 
him  at  reasonable  times  and  intervals  to  ascertain  by  test  that  the 
conditions  specified  in  (ii)  are  complied  with  as  regards  his  pipe. 

7.  When  the  return  is  partly  or  entirely  uninsulated  a  continuous 
record  shall  be  kept  by  the  Company  of  the  difference  of  potential 
during  the  working  of  the  tramway  between  the  points  of  the  unin- 
sulated return  furthest  from  and  nearest  to  the  generating  station.  If 
at  any  time  such  difference  of  potential  exceeds  the  limit  of  seven  volts, 
the  Company  shall  take  immediate  steps  to  reduce  it  below  that  limit 
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8.  Every  electrical  connection  with  any  pipe  shall  be  so  arranged 
as  to  admit  of  easy  examination,  and  shall  be  tested  by  the  Com- 
pany at  least  once  in  every  three  months. 

9.  Every  line  and  every  insulated  return  or  part  of  a  return  except 
any  feeder  shall  be  constructed  in  sections  not  exceeding  one-half  of 
a  mile  in  length,  and  means  shall  be  provided  for  isolating  each 
such  section  for  purposes  of  testing. 

10.  The  insulation  of  the  line  and  of  the  return  when  insulated, 
and  of  all  feeders  and  other  conductors,  shall  be  so  maintained  that 
the  leakage  current  shall  not  exceed,  one-hundredth  of  an  ampere 
per  mile  of  tramway.  The  leakage  current  shall  be  ascertained 
daily  before  or  after  the  hours  of  running  when  the  line  is  fully 
charged.  If  at  any  time  it  should  be  found  that  the  leakage  cur- 
rent exceeds  one-half  of  an  ampere  per  mile  of  tramway  the  leak 
shall  be  localised  and  removed  as  soon  as  practicable,  and  the 
running  of  the  cars  shall  be  stopped  unless  the  leak  is  localised  and 
removed  within  twenty-four  hours.  Provided  that  where  both  line  and 
return  are  placed  within  a  conduit  this  regulation  shall  not  apply. 

11.  The  insulation  resistance  of  all  continuously  insulated  cables 
used  for  lines,  for  insulated  returns,  for  feeders,  or  for  other  purposes, 
and  laid  below  the  surface  of  the  ground,  shall  not  be  permitted  to 
fall  below  the  equivalent  of  ten  megohms  for  a  length  of  one  mile. 
A  test  of  the  insulation  resistance  of  all  such  cables  shall  be  made 
at  least  once  in  each  month. 

12.  Where  in  any  case  in  any  part  of  the  tramway  the  line  is 
erected  overhead  and  the  return  is  laid  on  or  under  the  ground,  and 
where  any  wires  have  been  erected  or  laid  before  the  construction 
of  the  tramway  in  the  same  or  nearly  the  same  direction  as  such 
part  of  the  tramway,  the  Company  shall,  if  required  so  to  do  by  the 
owners  of  such  wires  or  any  of  them,  permit  such  owners  to  insert 
and  maintain  in  the  Company's  line  one  or  more  induction-coils  or 
other  apparatus  approved  by  the  Company  for  the  purpose  of  pre- 
venting disturbance  by  electric  induction.  In  any  case  in  which  the 
Company  withhold  their  approval  of  any  such  apparatus  the  owners 
may  appeal  to  the  Board  of  Trade,  who  may,  if  they  think  fit,  dis- 
pense with  such  approval. 

13.  Any  insulated  return  shall  be  placed  parallel  to  and  at  a  dis- 
tance not  exceeding  three  feet  from  the  line  when  the  line  and 
return  are  both  erected  overhead,  or  eighteen  inches  when  they  aie 
both  laid  undc  rground. 

z  z 
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14.  In  the  disposition,  connections,  and  working  of  feeders  the 
Company  shall  take  all  reasonable  precautions  to  avoid  injurious 
interference  with  any  existing  wires. 

15.  The  Company  shall  so  construct  and  maintain  their  system  as 
to  secure  good  contact  between  the  motors  and  the  line  and  return 
respectively. 

16.  The  Company  shall  adopt  the  best  means  available  to  prevent 
the  occurrence  of  undue  sparking^t  the  rubbing  or  rolling  contacts 
in  any  place  and  in  the  construction  and  use  of  their  generator  and 
motors. 

17.  In  working  the  cars  the  current  shall  be  varied  as  required 
by  means  of  a  rheostat  containing  at  least  twenty  sections,  or  by 
some  other  equally  efficient  method  of  gradually  varying  resistance. 

18.  Where  the  line  or  return  or  both  are  laid  in  a  conduit  the 
following  conditions  shall  be  complied  with  in  the  construction  and 
maintenance  of  such  conduit : — 

{a.)  The  conduit  shall  be  so  constructed  as  to  admit  of  easy  exa- 
mination of  and  access  to  the  conductors  contained  therein  and 
their  insulators  and  supports. 

(3.)  It  shall  be  so  constructed  as  to  be  readily  cleared  of  accumu- 
lation of  dust  or  other  debris,  and  no  such  accumulation  shall 
be  permitted  to  remain. 

(r.)  It  shall  be  laid  to  such  falls  and  'so  connected  to  sumps  or 
other  means  of  drainage,  as  to  automatically  clear  itself  of 
water  without  danger  of  the  water  reaching  the  level  of  the 
conductors. 

{d.)  If  the  conduit  is  formed  of  metal,  all  separate  lengths  shall 
be  so  jointed  as  to  secure  efficient  metallic  continuity  for  the 
passage  of  electric  currents.  Where  the  rails  are  used  to  form 
any  part  of  the  return  they  shall  be  electrically  connected  to  the 
conduit  by  means  of  copper  strips  having  a  sectional  area  of  at 
least  one-sixteenth  of  a  square  inch,  or  other  means  of  equal 
conductivity,  at  distances  apart  not  exceeding  one  hundred  feet. 
Where  the  return  is  wholly  insulated  and  contained  within  the 
conduit,  the  latter  shall  be  connected  to  earth  at  the  generat- 
ing station  through  a  high-resistance  galvanometer  suitable  for 
the  indication  of  any  contact  or  partial  contact  of  either  the 
line  or  the  return  with  the  conduit. 

{e.)  If  the  conduit  is  formed  of  any  non-metallic  material  not  being 
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of  high  insulating  quality  and  impervious  to  moisture  through- 
out, and  is  placed  within  six  feet  of  any  pipe,  a  non-conducting 
screen  shall  be  interposed  between  the  conduit  and  the  pipe,  of 
such  material  and  dimensions  as  shall  provide  that  no  current 
can  pass  between  them  without  traversing  at  least  six  feet  of 
earth,  or  the  circuit  itself  shall  in  such  case  be  lined  with  bitu- 
men or  other  non-conducting  damp-resisting  material  in  all 
cases  where  it  is  placed  within  six  feet  of  any  pipe. 

i^f,)  The  leakage  current  shall  be  ascertained  daily,  before  or  after 
the  hours  of  running  when  the  line  is  fully  charged,  and  if  at 
any  time  it  shall  be  found  to  exceed  half  an  ampere  per  mile  of 
tramway  the  leak  shall  be  localised  and  removed  as  soon  as 
practicable,  and  the  running  of  the  cars  shall  be  stopped  unless 
the  leak  is  localised  and  removed  within  twenty-four  hours. 

19.  The  Company  shall,  so  far  as  may  be  applicable  to  their 
system  of  working,  keep  records  as  specified  below.  These  records 
shall,  if  and  when  required,  be  forwarded  for  the  information  of  the 
Board  of  Trade. 

Daily  Records. — No.  of  cars  running. 
Maximum  working  current. 
Maximum  working  pressure. 

Maximum  current  from  the  earth  connections  {^oide  Regula- 
tion 6  (i.)). 

Leakage  current  i^ide  Regulations  10  and  18  (/.)). 
Fall  of  potential  in  return  {^ide  Regulation  7). 

Monthly  Records. ^Condition  of  earth  connections  {vide  Regu- 
lation 5). 

Insulation  resistance  of  insulated  cables  {pide  Regulation  11). 

Quarterly  Records. — Conductance  of  joints  to  pipes  {^ide 
Regulation  8). 

Occasional  Records. — Any  tests  made  under  provisions  of 
Regulation  6  (ii.). 

Localisation  and  removal  of  leakage,  stating  time  occupied. 

Particulars  of  any  abnormal  occurrence  affecting  the  electric  work- 
ing of  the  tramway. 

6th  March,  1894.  Board  of  Trade, 

7,  Whitehall  Gardens,  S.W. 
z  z  2 
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IV. — Parliamentary  Enactments  as  to  Scotland 

AND  Ireland. 


SCOTLAND. 

There  is  a  special  Act — the  Tramways  (Scotland)  Act,  1861  (24  & 
25  Vict.  c.  69)— applying  only  to  Scotland,  by  which  facilities  were 
given  for  the  construction  of  tramways  in  country  districts  (namely, 
on  ''  turnpike  and  statute  labour  roads  "),  but  practically  none  for 
their  construction  in  large  towns.  Even  as  regards  country  districts, 
however,  the  Act  has  remained  a  dead  letter.  The  Tramways  Act, 
1870  {antCy  pp.  665  to  672),  applies  to  Scotland  as  well  as  England, 
and  since  the  date  of  its  passing,  all  tramways  constructed  in  Scot- 
land have  accordingly  been  subject  to  its  provisions,  which  (as  will 
have  been  seen)  afford  the  fullest  facility  for  the  construction  of  tram- 
ways in  towns. 

IRELAND. 

In  Ireland,  the  Act  of  1870  does  not  apply,  there  being  a  number 
of  Acts  applicable  to  Ireland  alone.  The  proceedings  under  these 
Acts,  although  not  as  uniform  as  in  England  under  the  single  Act  of 
1870,  are  of  a  simple  character. 

The  Acts  relating  to  tramways  are  the  Tramways  (Ireland)  Act. 
i860  (21  &  24  Vict.  c.  152) ;  the  Tramways  Ireland  (Amendment) 
Act,  1861  (24  &  25  Vict.  c.  102);  the  Act  of  1871,  known  as  Lord 
Caims's  Act  (34  &  35  Vict.  c.  114) ;  the  amending  Act  of  1876  relat- 
ing only  to  Dublin  (39  ^  40  Vict.  c.  65) ;  the  Tramways  (Ireland) 
Amendment  Act,  1881  (44  &  45  Vict.  c.  17) ;  and  the  Tramways  and 
Public  Companies  (Ireland)  Act,  1883  (46  &  47  Vict.  c.  43). 

The  course  of  procedure  under  the  Acts  is  as  follows :  **  The  pro- 
moters present  a  memorial  to  the  Lord  Lieutenant  in  Council,  setting 
forth  the  particulars  of  their  scheme,  and  stating  that  the  require- 
ments of  the  Acts  as  to  notice,  &c.,  have  been  complied  with  ;  and 
to  the  memorial  is  appended  a  draft  of  the  proposed  Order.  A  public 
inquiry  is  then  made  by  the  Board  of  Works  as  to  the  merits  of  the 
undertaking  in  an  engineering  point  of  view,  and  the  grand  jur)* 
of  the  county,  after  considering  the  report  of  the  Board  of  Works 
and  other  matters,  provisionally  approve  or  disapprove  of  the  under- 
taking. Provision  is  made  for  traversing  their  decision  on  the 
grounds  either  that  the  preliminaries  required  by  law  have  not  been 
complied  with,  or  that  the  construction  of  the  undertaking  according 
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to  the  plan  approved  of  by  them  would  not  be  bene6cial  to  the 
public.  An  appeal  is  reserved  to  the  Lord  Lieutenant,  who  has  a 
discretion  as  to  making  an  Order  or  not. 

"  The  Order  is  not  required  to  be  confirmed  by  Parliament  in  cases 
where  the  undertaking  is  approved  by  the  grand  juiy  and  no  petition  of 
appeal  against  such  approval  has  been  presented  to  the  Lord  Lieu- 
tenant ;  but  in  any  case  in  which  an  appeal  has  been  presented  before 
the  Order  in  Council  is  made,  the  Order  has  no  effect  until  confirmed 
by  Parliament,  even  although  no  person  shall  appear  on  such  appeal. 

*'  The  authorised  gauge  is  five  feet  three  inches,  being  the  ordinary 
railway  gauge  in  Ireland."  * 

Lord  Cairns*s  Act  of  187 1  provided  for  the  introduction  of  steam  as 
a  motive  power,  subject  to  a  restriction  to  a  speed  of  six  miles  an 
hour  on  country  roads,  and  three  miles  an  hour  in  towns  or  villages 
(the  latter  restriction  pointing,  no  doubt,  to  the  use  of  steam  for 
mineral  rather  than  for  passenger  trafi&c);  but  by  the  Act  of  1881  a 
speed  of  six  miles  an  hour  was  allowed  in  towns  or  villages,  and  a 
speed  of  ten  miles  on  country  roads. 

By  a  separate  set  of  Acts  relating  to  "  light  railways  "  in  Ireland, 
provision  has  been  made  for  aid  from  the  Treasury  in  cases  where  it 
is  declared  by  the  Lord  Lieutenant  of  Ireland  in  Council  that  it  is 
desirable  that  a  light  railway  should  be  constructed  for  the  develop- 
ment of  fisheries  or  other  industries  ;  and  it  is  declared  that  the 
expression  **light  railway"  includes  "tramway"  as  that  word  is 
used  in  the  Tramway  (Ireland)  Acts  (52  &  53  Vict.  c.  66,  §  11).  The 
proceedings  to  be  taken  for  the  establishment  of  light  railways  are 
similar  to  those  in  the  case  of  tramways,  subject,  however,  to  the 
special  provisions  of  the  Acts  dealing  with  light  railways.  These 
are  the  Light  Railways  (Ireland)  Act,  1889  (52  &  53  Vict.  c.  66) ;  the 
Railways  (Ireland)  Act,  1890  (53  and  54  Vict.  c.  52);  Transfer  of 
Railways  (Ireland)  Act,  1890  (54  Vict.  c.  2);  and  the  Public 
Accounts  and  Charges  Act,  1891  (54  &  55  Vict.  c.  24). 

By  the  Act  of  1890,  it  was  provided  that  the  promoters  of  any 
undertaking,  who  have  obtained  from  a  grand  jury  a  presentment 
under  the  Tramways  (Ireland)  Acts  approving  of  their  undertaking, 
may  enter  into  an  agreement  with  any  railway  company  with  whose 
railway  the  undertaking  is  or  is  intended  to  be  connected,  for  the 
transfer  of  the  undertaking  to  the  railway  company.  But  any  such 
agreement  requires  the  sanction  of  the  shareholders  of  the  railway 
company  and  the  approval  of  the  Railway  and  Canal  Commission. 
(54  Vict.  c.  2,  §§  1—3.) 

•  Sutton's  Tratnway  Acts  of  United  Kingdom  (2nd  ed.,  1883),  pp.  li.,  Hi. 
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v.— Terms  of  Purchase  of  Tramways  by  Local 
Authorities  (Judgment  of  the  House  of  Lords). 

Judgment  was  given  by  the  House  of  Lords,  detemuning  the 
interpretation  to  be  put  on  certain  provisions  of  the  Tramways  Act, 
1870,  on  30th  July,  1894.  Two  cases  were  before  the  House  on 
appeal — in  the  one  case  from  the  Scotch  Courts,  and  in  the  other  case 
from  the  English  Courts — the  main  question  being  the  same  in  each 
case — namely,  upon  what  principle  the  sum  to  be  paid  by  a  Local 
Authority  for  the  purchase  of  a  line  of  tramway,  under  the  provisions 
of  the  43rd  section  of  the  Act  of  1870,  is  to  be  calculated.  Section  43 
of  the  Tramways  Act,  1870,  is  as  follows  : — 

"Where  the  promoters  of  a  tramway  in  any  district  arc  not  the  local 
authority,  the  local  authority,  if,  by  resolution  passed  at  a  special  meeting  ot 
the  members  constituting  such  local  authority,  they  so  decide,  may  within  six 
months  after  the  expiration  of  a  period  of  twenty-one  years  from  the  time  when 
such  promoters  were  em[>owered  to  construct  such  tramway,  and  within  six 
months  after  the  expiration  of  every  subsequent  period  of  seven  years,  or  within 
three  months  after  any  order  made  by  the  Board  of  Trade  under  either  of  the 
two  next  preceding  sections,  with  the  approval  of  the  Board  of  Trade,  by 
notice  in  \iTiting  require  such  promoters  to  sell,  and  thereupon  such  promoters 
shall  sell  to  them  their  undertaking,  or  so  much  of  the  same  as  is  \inthin  such 
district,  upon  terms  of  paying  the  then  value  (exclusive  of  any  allowance  for 
past  or  future  profits  of  the  undertaking,  or  any  compensation  ^or  compulsoiy 
sale,  or  other  consideration  whatsoever)  of  the  tramway,  and  all  lands,  build- 
ings, works,  materials,  and  plant  of  the  promoters  suitable  to  and  used  by 
them  for  the  purposes  of  their  undertaking  \iithin  such  district,  such  \'alue  to 
be  in  case  of  difference  determined  by  an  engineer  or  other  fit  person  nomin- 
ated as  referee  by  the  Board  of  Trade  on  the  application  of  eitner  party,  and 
the  expenses  of  the  reference  to  be  Ixjme  and  paid  as  the  referee  directs.  And 
when  any  such  sale  has  been  made,  all  the  rights,  powers,  and  authorities  of 
such  promoters,  in  respect  to  the  undertaking  sold,  or  where  any  order  has 
been  made  by  the  Board  of  Trade  under  either  of  the  next  preceding  sections, 
all  the  rights,  powers,  and  authorities  of  such  promoters,  prerious  to  the 
making  of  such  order  in  respect  to  the  undertaking  sold,  shall  be  transferred 
to,  vested  in,  and  may  be  exercised  by  the  authority  to  whom  the  same  has 
been  sold,  in  like  manner  as  if  such  tramway  was  constructed  by  such  authority 
under  the  powers  conferred  upon  them  by  a  provisional  order  under  this  Act, 
and  in  reference  to  the  same  they  shall  be  deemed  to  be  the  promoters." 

The  subjoined  report  of  the  two  cases  is  taken  (in  substance)  from 
the  T^tnes  of  July  31st,  1894 : — 
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HOUSE  OF  LORDS  (July  30,  1894). 

[Before  the  Lord  Chancellor,  Lord  Watson,  Lord 
Ashbourne,  and  Lord  Shand). 

The  Edinburgh  Street  Tramways  Company  v.  The  Lord 
Provost,  Magistrates,  &c.,  of  the  City  of  Edinburgh. 

This  was  an  appeal  by  the  above-mentioned  tramway  company  from 
a  decision  of  the  First  Division  of  the  Court  of  Session  in  Scotland,  the 
respondents  being  the  local  authority  within  the  City  of  Edinburgh 
entitled  by  section  43  of  the  Tramways  Act,  1870,  to  purchase  the 
tramway  undertaking  within  their  district  on  the  expiration  of  twenty- 
one  years  from  the  time  when  it  was  authorised  to  be  constructed. 

On  the  1 2th  of  August^  1892,  they  gave  notice  to  the  appellants  that, 
in  exercise  of  their  rights  under  the  section,  they  would  purchase  the 
appellants'  undertaking  within  the  City  of  Edinburgh  (except  the  line 
from  Waterloo  Place  to  Jock's  Lodge),  twenty-one  years  having 
elapsed  since  the  appellants'  tramway  was  authorised.  The  appel- 
lants and  respondents  having  differed  as  to  the  price  to  be  paid  for 
the  undertaking,  the  Board  of  Trade,  on  November  15th,  1892, 
appointed  Mr.  Henry  Tennant,  of  York,  as  referee,  to  fix  what  the  said 
price  should  be. 

Mr.  Tennant  having  heard  proof  on  behalf  of  both  parties,  including 
evidence  for  the  appellants  as  to  the  rental  value  of,  or  owners' 
interest  in,  the  tramway  lines  which  the  respondents  were  purchasing, 
on  November  13th,  1893,  he  issued  his  award,  finding  the  appellants 
entitled  to  ;^2 12,979  7s.  6d.  for  the  various  items  which  were  being 
sold  by  them  to,  and  which  had  to  be  paid  for  by,  the  respondents. 

In  setting  out  award,  Mr.  Tennant  stated  that  the  following  ques- 
tions arose  in  the  course  of  the  proof  and  argument : — 

**  (Second),  Whether  in  \iew  of  the  terms  of  said  section  43  of  said  Tram- 
ways Act  of  1870, 1  am  entitled,  in  valuing  tramways,  to  take  into  account  the 
present  profits  or  rental  value  of  the  undertaking,  or  on  what  other  basis  the 
value  of  said  tramways  should  be  determined ;  and  (Third)  whether,  in  the 
event  of  the  basis  of  valuation  of  said  tramways  being  found  to  be  according  to 
the  cost  of  construction  and  establishment,  I  am  entitled  in  said  valuation  to 
make  allowance  to  said  companv  for  certain  sums  expended  by  said  company 
in  obtaining  Parliamentary  autnority  for  the  construction  thereof,  and  for  a 
sum  of  ;f  2,500  contributed  by  said  company  towards  the  cost  of  widening  the 
North  Bridge  in  the  City  of  Edinburgh." 

Mr.  Tennant  went  on  to  say  : — 

"  And,  considering  that,  to  enable  me,  as  referee  under  said  appointment  by 
the  Board  of  Trade,  to  proceed  to  the  proper  and  complete  determination  of 
the  value  of  the  said  tramways,  lands,  buildings,  and  others,  I  have  found  it 
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necessary,  in  the  first  place,  to  dispose  of  the  said  (questions  which  have  arisen 
as  aforesaid,  and  that,  after  full  consideration  of  said  questions,  and  specially 
after  careful  consideration  of  the  terms  of  said  section  43  of  said  TramMra^'^ 

Act  of  1870,  I  am  of  opinion  that  I  must  assume (Second)  That  m 

valuing  the  tramways  I  am  not  entitled  to  take  into  account  the  present  profits 
or  rental  value  of  the  undertaking,  but  that  the  proper  value  of  said  tram^rays 
to  be  determined  by  me,  according  to  my  construction  of  the  statute  is  such 
sum  as  it  would  cost  to  construct  and  estaSlish  the  same  under  deduction  of  a 
proper  sum  in  respect  of  depreciation  to  their  present  condition,  and  that  in 
estimating  such  cost  I  am  entitled  to  take  into  account  the  fact  that  said  tram- 
ways are  now  successfully  constructed  and  in  complete  working  condition; 
(Third)  that  I  am  entitlecl,  in  valuing  said  tramways  according  to  cost  of  con- 
struction and  establishment,  to  make  allowance  both  for  the  sums  expended  by 
said  company  in  obtaining  said  Parliamentary  authority,  in  so  far  as  I  consider 
such  expenditure  necessarj*  or  proper,  and  also  for  tKe  said  sum  of  ;f  2,500, 
which  sum  I  consider  was  a  necessarj*  and  proper  expenditure  by  said  company 
to  enable  double  lines  of  tramways  to  be  laid  over  said  North  Bridge,  and 
which  double  lines  form  part  of  the  undertaking." 

Action  was  taken  by  the  tramway  company  for  the  purpose  oi 
reducing  the  said  award  or  degree-arbitral,  on  the  ground  that  Mr. 
Tennant's  view  of  the  43rd  section  of  the  Tramways  Act  was 
erroneous  ;  and  for  declarator  that  he  ought,  under  that  section,  to 
have  fixed  the  value  to  be  paid  by  the  Corporation  of  Edinburgh  for 
the  tramway  on  a  rental  basis,  and  for  an  order  on  him  to  proceed 
with  the  reference,  and  to  find  and  declare  the  value  of  the  tramway 
lines  according  to  their  rental  value.  Both  the  Lord  Ordinary  and 
the  First  Division  (the  Lord  President  dissenting),  in  the  Court  ot 
Session,  held  Mr.  Tennant's  award  to  be  good  and  his  view  of  the 
43rd  section  of  the  Tramways  Act  to  be  correct,  and  repelled  the 
appellants'  pleas,  sustained  the  defences,  and  assoilzied  the 
respondents.     The  appellants  thereupon  brought  the  present  appeal. 

Mr.  Asher,  Q.C.,  Mr.  A.  Graham  Murray,  Q.C.,  and  Mr.  Vary 
Campbell,  appeared  for  the  company  ;  and  the  Lord  Advocate  and 
Mr.  Moulton,  Q.C.,  for  the  Edinburgh  Corporation  ;  and  when  the 
case  was  argued  some  time  ago,  judgment  was  reserved. 

Their  Lordships  now  delivered  judgment,  from  which  it  will  be  seen 
that  the  decision  of  the  Court  below  in  favour  of  the  respondents  was 
affirmed  by  a  majority,  Lord  Ashbourne  dissenting. 

The  Lord  Chancellor. — The  appellant  company  was  formed 
under  the  provisions  of  a  private  Act  of  Parliament  in  the  year  1871. 
This  Act  incorporated  Part  IL  and  Part  IIL  of  the  Tramways  Act,  1870. 
Section  43  of  that  Act  entitled  the  respondents  within  six  months  after 
the  expiration  of  a  period  of  twenty-one  years  from  the  time  when  the 
appellants  were  empowered  to  construct  the  tramway  by  notice  in 
writing  to  require  the  appellants  to  sell  their  undertaking.    They 
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accordingly,  on  August  I2ih,  1892, gave  notice  to  the  appellants  that  in 
exercise  of  their  rights  under  that  section  they  would  purchase  the 
appellants'  undertaking  within  the  city  of  Edinburgh. 

The  appellants  and  respondents  having  differed  as  to  the  price  to  be 
paid,  the  Board  of  Trade  appointed  Mr.  Henry  Tennant,  of  York,  as 
referee,  to  fix  what  the  price  should  be.  In  the  narrative  of  the  award 
or  degree- arbitral,  which  he  made,  Mr.  Tennant  stated  that,  in  his 
opinion,  after  careful  consideration  of  the  terms  of  section  43  of  the 
Tramways  Act,  1870,  in  valuing  the  tramways  he  was  not  entitled  to 
take  into  account  the  present  profits  or  rental  value  of  the  undertaking, 
but  that  the  proper  value  of  the  tramways  to  be  determined  by  him, 
according  to  his  construction  of  the  statute,  was  such  sum  as  it  would 
cost  to  construct  and  establish  the  same  under  deduction  of  a  proper 
sum  in  respect  of  depreciation  for  their  present  condition,  and  that  in 
estimating  such  cost  he  was  entitled  to  take  into  account  the  fact  that 
the  tramways  were  then  successfully  constructed  and  in  complete 
working  condition. 

The  present  action  was  thereupon  raised  by  the  appellants  against 
the  respondents  for  the  purpose  of  reducing  Mr.  Tennant's  award 
or  decree-arbitral,  upon  the  ground  that  his  view  of  section  43  of 
the  Tramways  Act,  1870,  was  erroneous,  and  for  declarator  that  he 
ought,  under  the  section,  to  have  fixed  the  value  to  be  paid  by  the 
respondents  for  the  tramways  upon  the  rental  basis,  and  for  an  order 
on  him  to  proceed  with  the  reference,  and  to  find  and  declare  the  value 
of  the  tramway  lines  according  to  their  rental  value.  Both  the  Lord 
Ordinary  and  the  First  Division  of  the  Inner  House  have  held  Mr. 
Tennant's  award  to  be  good,  and  have  assoilzied  the  respondents. 
The  question  on  this  appeal  is  whether  these  decisions  were  correct. 

The  question  turns  on  the  construction  to  be  put  upon  the  language 
employed  in  section  43  of  the  Tramways  Act,  1 870,  which  prescribes 
the  terms  upon  which  the  promoters  of  a  tramway  (in  this  case  the 
appellants)  are  to  sell  their  undertaking  to  the  local  authority.  The 
words  are  as  follows  : — "  Upon  terms  of  paying  the  then  value  (ex- 
clusive of  any  allowance  for  past  or  future  profits  of  the  undertakings 
or  any  compensation  for  compulsory  sale,  or  other  consideration 
whatsoever)  of  the  tramway  and  all  lands,  buildings,  works,  materials, 
and  plant  of  the  promoters  suitable  to  and  used  by  them  for  the  pur- 
poses of  their  undertaking." 

It  is  contended  on  behalf  of  the  appellants  that  the  value  of  the 
tramway  must  be  ascertained  by  taking  into  consideration  what 
rental  could  be  obtained  for  it  if  let  with  all  the  statutory  rights 
of  using  it  possessed  by  the  promoters,  and  then  allowing  whatever 
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may  be  thought  the  proper  number  of  years*  purchase  of  the  rental 
which  could  thus  be  obtained.  The  sum  so  arrived  at,  it  was  argued, 
would  represent  the  then  value  of  the  tramway  within  the  meaning- 
of  the  section.  Before  discussing  the  language  used  by  the  Legisla- 
ture, it  isp  I  think,  necessary  to  consider  the  nature  of  the  rights  and 
powers  of  the  promoters  which  it  is  said  are  to  be  thus  taken  into 
account,  and  the  manner  in  which  they  are  conferred  upon  them. 
The  promoters  obtained  authority,  in  the  first  place,  to  interfere  with 
public  highways  by  laying  down  tramways  upon  them,  and  maintaining 
the  tramways  so  laid  down.  But  the  most  important  power  which 
they  obtained  was  that  contained  in  section  34  of  the  Tramways  Act, 
1870,  which  authorised  them  to  use  upon  the  tramways  so  laid  down 
carriages  with  flanged  wheels,  or  wheels  suitable  only  to  run  on  the 
rail  prescribed  by  their  Act,  and  provided  that  subject  to  the  provisions 
of  their  Special  Act  and  of  that  Act  the  promoters  and  their  lessees 
should  have  the  exclusive  use  of  their  tramways  for  carriages  with 
flanged  wheels  or  other  wheels  suitable  only  to  run  on  the  prescribed 
rail.  It  will  be  seen  that  the  power  thus  conferred  is  limited  to  the 
promoters  and  their  lessees,  the  promoters  being  the  person  or  com- 
pany authorised  to  construct  the  tramways.  The  right  conferred  is  a 
personal  one,  and  cannot  be  claimed  by  any  persons  who  do  not  come 
within  the  designation  of  promoters  or  lessees  of  promoters.  It  is 
not  conferred  upon  the  promoters'  assignees.  A  conveyance,  there- 
fore, by  the  promoters  of  their  tramways,  or  even  of  their  undertaking, 
would  not  carry  with  it  the  right  to  the  statutory  monopoly  conferred 
upon  the  promoters  by  the  section  to  which  I  have  referred. 

I  proceed  now  to  consider  the  words  of  the  provision  upon  which 
the  question  at  issue  turns.  It  is  to  be  observed  that,  although  the 
undertaking  is  described  as  the  subject  of  the  sale,  it  is  to  be  sold, 
not  upon  terms  of  paying  its  then  value,  but  upon  terms  of  paying 
''  the  then  value  of  the  tramway  and  all  lands,  buildings,  works, 
material,  and  plant  of  the  promoters  suitable  to  and  used  by  them 
for  the  purposes  of  their  undertaking.''  It  appears  clear  that  the 
word  **  tramway  "  cannot  be  read  as  synonymous  with  **  undertak- 
ing." The  words  which  follow  **  tramway"  are,  to  my  mind,  con- 
clusive upon  this  point.  What,  then,  does  '' tramway  "  mean  as 
used  in  the  section  ?  I  have  examined  every  instance  of  its  use  in 
the  statute,  and  it  appears  to  me  in  every  other  case,  at  all  events, 
to  be  used  to  describe  the  structure  laid  down  on  the  highway,  and 
nothing  more,  and  I  cannot  see  my  way  to  give  any  other  meaning 
to  it  in  the  section  under  consideration.  The  word  "tramway** 
may,  no  doubt,  without  impropriety  be  held  to  include  all  proprietary 
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rights  attached  to  it ;  but  I  do  not  think  that  it  can  with  propriety 
be  held  to  compromise  all  the  powers  in  relation  to  the  tramway 
which  are  conferred  by  the  statute  upon  the  promoters.  I  have 
already  pointed  out  that  the  power  exclusively  to  use  the  tramway 
was  granted  to  the  promoters  as  such ,  and  is  not  capable  of  transfer 
by  them.  This  is  distinctly  recognised  by  the  enactment  which  im- 
mediately follows  that  under  consideration.  It  is  provided  that 
when  a  sale  has  been  made,  all  the  rights,  powers,  and  authorities 
of  the  promoters  in  respect  to  the  undertaking  sold  shall  be  trans- 
ferred to^  vested  in,  and  may  be  exercised  by  the  authority  to  whom 
the  same  has  been  sold  in  like  manner  as  if  the  tramway  was  con- 
structed by  such  authority  under  the  powers  conferred  upon  them  by 
a  provisional  order  under  the  Act,  and  in  reference  to  the  same  they 
shall  be  deemed  to  be  the  promoters.  It  is  by  virtue  of  this  enact- 
ment, and  of  this  alone,  that  the  local  authority  become  entitled  to 
the  exclusive  use  of  the  tramway,  which  was  previously  vested  in  the 
promoters.  It  is  the  statute,  and  not  the  company  which  originally 
constructed  the  tramways,  which  confers  upon  the  local  authority 
this  right.  It  is  also  worthy  of  note  that  some,  if  not  all,  of  the 
rights,  powers,  and  authorities  of  the  promoters  are  treated  as  not 
included  even  in  the  term  ''undertaking/'  inasmuch  as  they  are 
spoken  of  as  the  rights,  powers,  and  authorities  of  the  promoters 
"  in  respect  to  the  undertaking  sold." 

I  have  so  far  dealt  with  the  language  of  the  section,  without  taking 
into  consideration  the  words  within  the  parenthesis,  upon  which  so 
much  of  the  argument  turned ;  what  was  to  be  paid  by  the  pur- 
chasers was  the  then  value  of  the  tramway^  **  exclusive  of  any 
allowance  for  past  or  future  profits  of  the  undertaking,  or  any  com- 
pensation for  compulsory  sale  or  other  consideration  whatsoever.'' 

It  was  contended  for  the  appellants  that  the  presence  of  the  paren- 
thesis indicated  that  in  the  opinion  of  the  Legislature  the  term  ''  value 
of  the  tramway''  would,  but  for  the  words  in  the  parenthesis,  have 
justified  an  allowance  for  past  or  future  profits  of  the  undertaking,  and 
must  therefore  include  something  more  than  the  value  of  the  structure. 
I  cannot  assent  to  this  argument.  The  words  of  the  parenthesis  may 
well  have  been  enacted  by  way  of  precaution  to  make  sure  that  coun- 
tenance was  not  given  to  any  contention  which  would  have  involved 
fixing  a  sum  in  excess  of  the  value  of  the  structure.  There  is,  I  think, 
a  fallacy  involved  in  considering  the  meaning  of  the  words  which 
follow  the  parenthesis  by  themselves,  and  then  inquiring  how  far  the 
meaning  thus  attributed  to  them  is  to  be  modified  by  reason  of  the 
words  which  precede.     Each  part  of  the  provision  throws  light  on 
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the  other.  It  is  by  reading  it  as  a  whole  that  the  intention  of  the 
Legislature  is  to  be  ascertained.  The  words  found  within  the  paren- 
thesis, to  my  mind,  support  the  view  that "  tramway "  is  to  be  con- 
strued in  the  manner  which  I  have  indicated,  and  not  in  that  contended 
for  by  the  appellants. 

It  is  said  that  the  words  *' exclusive  of  any  allowance  for  past  or 
future  profits  of  the  undertaking  ^'  were  introduced  for  the  purpose  of 
preventing  the  arbitrator  making  any  addition  to  the  value  otherwise 
arrived  at  in  respect  of  such  profit.    1  find  it  difficult  to  understand 
how  it  could  ever  be  supposed  that  an  arbitrator  would  make  any 
addition  to  the  value  of  the  tramway  in  respect  of  the  past  profits  of 
the  undertaking,  or  how  it  could  ever  have  been  thought  necessary  to 
prohibit  his  doing  so.     It  is,  however,  quite  intelligible  that  it  might 
be  thought  necessary  to  guard  against  his  allowing  for,  or,  in  other 
words,  taking  into  account,  past  profits  in  arriving  at  the  value  of  the 
tramway.     But  if  the  word  *'  allowance  "  is  used  in  this  sense  in  rela- 
tion to  past  profits,  its  meaning  must  be  the  same  in  relation  to  future 
profits.     I,  therefore,  construe  the  words  as  enacting  that  neither  the 
profits  made  in  the  past  nor  to  be  anticipated  in  the  future  were  to  be 
taken  into  account  in  assessing  the  value. 

It  was  argued  that  if  the  value  of  the  tramway  were  arrived  at  by 
taking  so  many  years'  purchase  of  the  rental  which  could  have  been 
obtained  for  it,  if  let,  no  profits  would  be  allowed  for  in  the  value  so 
ascertained.     I  am  unable  to  adopt  this  view.     How  would  it  be  pos- 
sible to  determine  the  rental  which  could  be  obtained  except  by 
reference  to  the  profits  which  had  been  or  which  might  be  made?  The 
rent  which  a  tenant  would  be  prepared  to  give  would  obviously  de- 
pend upon  the  profits  to  be  anticipated.     It  was  further  argued  that 
the  Legislature  had  only  excluded  an  allowance  for  past  or  future  and 
not  for  present  profits.     Why,  it  was  asked,  if  all  profits  were  to  be 
excluded,  were  the  words  "past  or  future"  inserted?    To  my  mind 
the  words  cover  all  profits,  whether  made  or  to  be  made.    And  the 
reason  for  their  insertion  appears  to  me  plain.     If  the  word  "profits'* 
alone  had  been  used  it  would  have  been  open  to  contention  that  only 
profits  actually  made  were  referred  to,  and  that  the  provision  did  not 
exclude  an  allowance  for  profits  to  be  anticipated  in  the  future.   Read- 
ing the  enactment  as  a  whole,  I  can  find  no  indication,  but  quite  the 
contrary,  that  the  arbitrator,  in  determining  the  then  value  of  the  tram- 
way, was  to  take  into  account  those  rights  and  powers  which  had  been 
possessed  by  the  promoters  as  such  by  virtue  of  the  statute,  and 
which  would  be  thereafter  by  the  said  statute  conferred  upon  the  local 
authority. 
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Reliance  was  placed  by  the  appellants  upon  the  provisions  of 
sections  41  and  42  of  the  Tramways  Act,  1870,  enabling  the  Board  of 
Trade,  if  the  promoters  discontinued  the  working  of  their  tramway,  or 
were  insolvent,  to  declare  that  their  powers  in  respect  of  the  tramway 
should  be  at  an  end.  In  the  first  of  these  cases,  the  Board  of  Trade 
were  empowered  to  declare  the  powers  of  the  promoters  at  an  end 
from  the  date  of  the  order,  in  the  latter,  at  the  expiration  of  six  months 
from  the  making  of  the  order,  but  in  both  cases  it  is  provided  that  the 
powers  of  the  promoters  shall  thereupon  cease  and  determine,  **  unless 
the  same  are  purchased  by  the  local  authority  in  manner  by  this  Act 
provided."  Inasmuch  as  section  43  applies  to  a  purchase  by  the  local 
authority  within  three  months  after  any  order  made  by  the  Board  of 
Trade  under  either  of  the  two  preceding  sections,  it  was  contended 
that  this  showed  that  the  purchase  of  the  undertaking  was  regarded 
by  the  Legislature  as  a  purchase  of  the  powers  of  the  promoters. 

I  do  not  think  it  possible  to  give  the  effect  contended  for  to  this 
argument,  and  to  construe  the  word  "  tramway"  in  that  part  of  section 
43  which  regulates  the  terms  of  payment  in  a  different  manner  to  that 
which  a  consideration  of  the  section  itself  suggests  on  account  of  the 
language  employed  in  the  two  preceding  sections.  That  language  is 
certainly  not  very  felicitous.  Whether  the  undertaking  is  purchased 
or  not,  the  powers  of  the  promoters  equally  cease  and  determine  :  the 
purchase  does  not  keep  their  statutory  powers  alive.  The  powers  are 
possessed  thereafter  by  the  local  authority  by  virtue  of  the  statute,  in 
precisely  the  same  manner  as  they  were  acquired  by  the  promoters. 

For  these  reasons  I  think  the  interlocutors  appealed  from  should  be 
affirmed,  and  the  appeal  dismissed  with  costs. 

Lord  Watson  and  Lord  Shand  concurred. 

Lord  Ashbourne. — The  facts  of  the  case  have  been  so  fully  stated 
by  the  Lord  Chancellor,  that  I  need  only  refer  to  them  at  such  length 
as  may  make  my  meaning  plain. 

The  direct  question  raised  before  your  Lordships  is,  whether  the 
arbitrator  was  right  in  valuing  the  tramway  at  what  it  would  cost  to 
make,  or  whether  he  ought  to  have  ascertained  what  it  could  have 
been  let  for  to  a  tenant  who  could  use  it,  and  then  have  capitalised  its 
annual  value. 

The  cases  of  the  Edinburgh  Street  Tramways  Company  and  of  the 
London  Street  Tramways  Company  [see  posf^  have  been  argued  before 
your  Lordships  together,  as  they  depend  upon  precisely  the  same  point. 
The  question  in  the  Edinburgh  case  depends  upon  the  construction  of 
section  43  of  the  general  Tramways  Act,  1870,  and  the  London  case 
depends  upon  section  44  of  the  London  Street  Tramways  Act,  but  the 
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two  sections  are  in  identical  terms,  as  is  the  case  with  many  other  sec- 
tions of  the  Act.  For  convenience,  I  shall  refer  only  to  the  sections  of 
the  general  Tramways  Act,  1870,  and  shall  not  deem  it  necessary  to 
note  specially  the  corresponding  sections  of  the  London  Street  Tram- 
ways Act  of  1870,  which  are  mentioned  in  detail  in  the  judgments  in 
the  London  case. 

The  decision  your  Lordships  are  now  called  on  to  give  is  of  deep 
moment  to  all  the  tramway  companies  in  Great  Britain,  and  inv^olves 
interests  of  considerable  magnitude.    The  section  is  not  clear.     In 
any  view  of  the  case  it  is  a  cumbrous  and  unfortunate  piece  of  draft- 
ing, not  plain  or  direct,  and  each  side  is  confronted  with  difficulties  in 
its  interpretation.  It  is  not  surprising  to  find  that  amongst  the  Judges 
before  whom  the  case  has  come  there  have  been  wide  differences  of 
opinion,  and  therefore  I  have  applied  myself  to  the  consideration  of 
the  case,  with  many  doubts  and  misgivings  as  to  the  soundness  of  my 
own  judgment  on  important  points,  where,  though  I  might  be  sup- 
ported by  the  opinions  of  Judges  of  eminence,  I  know  my  conclusions 
have  been  opposed  to  authorities  for  whom  I  entertain  the  very  highest 
respect.    The  clause  requires  the  closest  and  most  critical  examina- 
tion and  analysis  in  order  to  see  what  is  the  method  of  the  transfer, 
what  is  sold,  and  what  is  to  be  paid. 

What  is  the  method  t    As  Mr,  Justice  Mathezv,  in  the  London 
case,  has  forcibly  said,  "  Nothing  would  have  been  easier  than  to 
have  said  that  at  the  end  of  the  twenty-one  years  there  shall  be  a 
transfer  of  your  undertaking,  and  you  shall  be  paid  for  the  cost  of 
material  in  situ  capable  of  being  worked,  less  depreciation."    But 
the  Legislature  in  its  wisdom  has  used  a  long,  complicated,  and  in- 
volved sentence,  from  which  we  have  to  spell  out  and  infer  such 
meanings  as  we  can.    The  transaction  is  to  take  place  by  a  sale.    A 
sale  involves  a  selling  and  a  buying,  a  bargaining,  and  here  an  arbi- 
tration.    If  what  was  meant  was  a  statutable  transfer  at  a  statutable 
price,  it  was  certainly  not  felicitous  drafting  to  enact  that  the  trans- 
action should  be  carried  out  b>  the  machinery  set  out  at  such  length 
in  the  section.     But  a  far  more  important  consideration  in  the  matter 
is  what  is  sold  and  transferred  under  the  section.    The  undertaking, 
of  course,  is  sold,  but  the  great  difficulty  is  to  give  the  due  and  pro- 
per meaning  to  the  word  '*  tramway.*'    Is  it  only  the  tramway  in  situ, 
or  the  tramway  with  the  power  to  use  it  ?    This  is  really  a  governing 
point  in  the  case.     Does  the  sale  of  the  tramway  include  or  involve  or 
carry  with   it  the  right  to  use  it  ?    The  words  of  the  section  are, 
^*  When  any  such  sale  has  been  made,  all  the  rights,  powers,  and 
authorities  of  the  company  in  respect  of  the  undertaking  sold  .  .  . 
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shall  vest  '*  in  the  purchaser.  The  words  here,  again,  are  not  the  best 
or  the  clearest.  They  must  be  read,  not  only  with  the  rest  of  the  sec- 
tion, but  also  in  connection  with  other  sections,  in  order  to  see  whether 
the  right  to  the  tramway  is  treated  in  the  Act  as  carrying  with  it  the 
right  to  use  the  tramway. 

Section  41  deals  with  the  discontinuance  of  tramways,  and  enacts 
that  in  certain  cases  the  Board  of  Trade  may  by  order  declare  that 
from  the  date  of  the  order  the  powers  of  the  promoters  shall  be  at  an 
end,  ^'  and  the  said  powers  of  the  promoters  shall  cease  and  deteV- 
roine,  unless  the  same  are  purchased  by  the  local  authority  in  manner 
by  this  Act  provided  " — />.,  by  section  43.  Thus  section  41  expressly 
states  that  the  powers,  including  the  right  to  use,  are  purchased  under 
section  43. 

Section  42  is  to  the  like  effect.  It  deals  with  the  insolvency  of  pro- 
moters, and  provides  for  the  ceasing  of  their  powers  '^  unless  the  same 
are  purchased  by  the  local  authority  in  manner  by  this  Act  provided," 
t.e,^  again  by  section  43. 

In  this  connection  it  is  important  to  note  section  44,  which  enacts, — 

•*  Where  any  tramway  in  any  district  has  been  opened  for  traffic  for  a  period 
of  six  months,  the  promoters  may,  with  the  consent  of  the  Board  of  Trade,  sell 
their  undertaking  to  any  person,  corporation,  or  company,  or  to  the  local 
authority  of  such  district ;  and  when  any  such  sale  has  been  made,  all  the 
rights,  powers,  authorities,  obligations,  and  liabilities  of  such  promoters  in 
respect  to  the  undertaking  sold  shall  be  transferred  to,  vested  in,  and  may  be 
exercised  by,  and  shall  attach  to  tlie  person,  corporation,  company,  or  local 
authority  to  whom  the  same  has  been  sold,  in  like  manner  as  if  sucn  tramway 
w^as  constructed  by  such  person,  corporation,  company,  or  local  authority 
under  the  powers  conferred  upon  them  by  special  Act,  and  in  reference  to  the 
same  they  shall  be  deemed  to  be  the  promoters." 

In  my  opinion  a  sale  under  section  44  would  carry  with  it  the  right 
to  use  the  tramway.  Similar  words  are  used  in  section  43 ;  the 
machinery  of  sale  is  resorted  to,  **  the  rights,  powers,  and  authori- 
ties '  *  are  also  transferred,  and  I  cannot  resist  the  conclusion  that 
under  both  sections  the  buyer  was  intended  to  purchase  and  acquire 
with  the  tramway  the  right  to  use  it. 

It  was  argued  before  your  Lordships  that  the  powers  were  to  be 
regarded  as  the  creatures  of  the  statute,  given  independently  by  its 
provisions  to  ''  the  promoters,''  and  that  the  sale  had  nothing  to  say 
to  them,  and  did  not  carry,  affect,  or  transfer  them.  I  do  not  find 
any  such  idea  in  the  judgments  of  the  Court  of  Appeal  in  the  London 
case.  Lord  Justice  Lindley  says,  **  The  vendors  have  only  a  right 
of  user,  that  is  by  section  20 ;  they  have  no  land  to  sell,  they  have 
only  an  easement  so  far  as  the  land  is  concerned,  but  they  have  an 
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exclusive  right  to  use  the  tramway  by  section  29,  and  to  grant 
licences  to  other  persons  to  use  it  by  section  37.  These  rights  will 
be  enjoyed  by  the  purchasers,  and  these  rights  must  be  borne  in 
mind  in  ascertaining  the  value  of  the  tramway.  These  rights  exclude 
any  valuation  of  the  tramway  as  so  much  old  iron  to  be  broken  up 
and  removed.  The  tramway  must  be  valued  as  an  existing  tramway, 
used  as  such  by  the  vendors  before  the  sale,  and  to  be  used  as  such 
by  the  purchasers  after  the  sale.*' 

The  words  oi  Lord  Justice  Smith  on  this  point  are  very  strong*  and 
clear:  '*  I  cannot  doubt  that  what  is  to  be  sold  and  bought  is  not 
merely  the  tramway  in  situ  as  a  structure,  but  the  undertaking  of  the 
company  as  a  going,  toll-earning  concern — that  is  to  say,  the  tram- 
way as  then  in  use,  with  the  rights,  powers,  and  authorities  of  the 
company  to  maintain  it  in  the  public  streets,  run  cars  thereon  with 
flanged  wheels  to  the  exclusion  of  all  others,  to  take  the  prescribed 
tolls  for  so  doing,  and  to  exercise  the  other  powers  contained  in  the 
Act.     Of  this  I  have  no  doubt ;  the  words  of  the  section  are  clear, 
'  and  thereupon  the  company  shall  sell,'  not  their  rails  and  sleepers, 
but  '  their  undertaking,'  and  when  such  sale  has  been  made,  '  all 
the  rights,  powers,  and  authorities  of  the  company  in  respect  to  the 
undertaking  are  to  vest  in  the  County  Council.'  " 

Lord  Justice  Smith,  in  the  clearest  words,  gave  his  opinion  that 
the  company  had  to  sell  "the  powers  granted  to  the  company  of 
running  cars  with  flanged  wheels  thereon  to  the  exclusion  of  all  others, 
and  of  taking  the  prescribed  tolls  and  the  other  powers  in  the  Act 
mentioned"  ;  and  he  adds  emphatically,  "  that  this  is  what  is  to  be 
sold  by  the  company  to  the  London  County  Council  I  do  not  doubt." 

I  concur  in  this  view  of  Lord  Justice  Smith,  which  I  regard  as  of 
the  highest  importance  as  stating  and  explaining  the  great  value  of 
the  subject-matter  to  be  sold.  It  may  be  that  the  language  of  the 
section  is  involved  and  roundabout,  that  the  conveyancing  is  defec- 
tive ;  but  to  my  mind  it  is  much  more  in  accordance  wnth  the 
language  of  all  the  sections  of  the  Act  to  hold  the  conclusion  I  have 
indicated  than  to  spell  out  a  narrower  one  in  contradiction  to  what 
I  believe  to  be  the  meaning  of  section  43  itself,  as  well  as  to  the  dear 
words  of  sections  41  and  42,  and  the  construction  required  to  give 
eflFect  to  section  44. 

If,  then,  the  undertaking  sold  comprised  or  included  a  tramway 
capable  of  being  used  and  with  a  right  to  use  it,  the  next  great  ques- 
tion is.  What  is  the  price  to  be  paid  for  it  under  the  section  ?  The 
section  answers  (leaving  out  the  parenthesis  for  the  present),  "the 
then  value  of  the  tramway,  and  all  lands,  buildings,  works,  materials, 
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and  plant."  The  actual  tramway,  in  a  very  literal  sense,  consists  of 
little  else  except  its  iron  rails.  The  then  value  of  the  tramway 
from  the  old  iron  point  of  view,  would  be  a  ludicrous  mockery,  and 
accordingly  every  one — Judges  and  arbitrators  alike— repudiate  any 
such  construction,  and  admit  that  a  wider  interpretation  must  be 
sought.  Lord  Justice  Smith  says  :  "  There  can  be  no  doubt  that  in 
any  ordinary  case,  where  an  undertaking,  such  as  the  present,  is  to 
be  sold  and  paid  for,  its  present — that  is,  its  then  value  is  in  practice 
arrived  at  by  capitalising  its  rental  value."  Mr,  Justice  Mathew 
on  this  point  says  :  "Value  is  to  be  ascertained  as  it  would  have  to 
be  ascertained  where,  for  instance,  the  property  was  rated,  and, 
therefore,  you  must  use  it  in  its  proper  sense.  This  tramway  is  a 
hereditament,  capable  of  earning  profits,  and  assessable  under  the 
Poor  Law  Act.  In  arriving  at  its  value,  it  is  clear  from  the  Pimlico 
case  (9  L.R.Q.B.)  that  the  meaning  of  the  word  value  is  recognised 
in  many  cases  in  fari  materid  statutes,  for  instance,  relating  to 
metropolitan  valuation  in  the  Act  of  1869,  and  also  in  the  Union 
Assessment  Act.  To  get  at  the  value  you  take  the  profits,  deduct 
the  tenants'  charges  and  profits,  and  what  is  left  is  the  rent  which 
would  be  paid  by  a  tenant  for  the  opportunity  of  earning  his  profit, 
and  which  would  be  earned  by  the  occupier,  who  is  the  tenant.  That 
is  the  rent,  and  by  capitalising  that  rental  you  get  at  the  value  of  the 
hereditament." 

I  therefore  take  it  that  apart  from  the  parenthesis  *'  the  then  value  " 
would  be  held  to  have  its  ordinary  meaning,  as  stated  by  Lord  Justice 
Smith.  The  onus  of  proving  that  the  ordinary  meaning  should  not 
be  given  to  the  words  **  the  then  value  **  is  cast  upon  those  who  deny 
it,  and  the  respondents  insist  that  for  this  purpose  they  are  entitled  to 
rely  upon  the  parenthesis,  which  says  ''  exclusive  of  any  allowance 
for  past  or  future  profits  of  the  undertaking,  or  any  compensation  for 
compulsory  sale  or  other  considerations  whatsoever."  Prima  facie, 
these  words  imply  that,  but  for  their  use,  the  thing  excluded  would 
have  been  included.  An  exception,  a  parenthesis,  an  exclusion,  under 
ordinary  circumstances,  would  be  held  to  qualify  and  lessen  the 
generality  of  preceding  words.  Here,  according  to  the  contention, 
they  are  used  not  to  abate,  but  to  destroy  and  contradict,  the  ordinary 
meaning  of  the  words,  "  the  then  value." 

If  the  argument  is  correct  that  the  value  of  the  tramway  is  only  the 
value  of  the  materials  in  situ,  profits  would  not  need  to  be  excluded, 
because  not  comprised  in  the  original  subject-matter.  It  is  admitted 
that  "the  then  value  "  is  not  to  be  found  in  the  value  of  old  iron  ;  it 
is  admitted  that  something  very  much  more  is  to  be  assessed.    Where 
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is  the  line  to  be  drawn  ?  Lord  Justice  Smith  well  puts  the  question, 
"  Are  the  words  of  exclusion  in  this  section  so  strong,  when  applied 
to  the  things  to  be  paid  for— namely,  a  tramway  in  situ — as  to  exclude 
the  ordinary  way  of  ascertaining  present  value  ?" 

It  must  be  borne  in  mind  that  the  County  Council  can  only  acquire 
ownership  rights  under  the  sale.  They  can  let,  but  cannot  them- 
selves use,  occupy,  or  work  the  tramway.  They  are  debarred  from 
making  occupiers'  profits,  and  therefore  it  is  most  reasonable  to  pro- 
vide that  no  allowance  should  be  made  for  them  in  the  sale.  It  is  most 
fair  that  in  a  sale  to  a  public  authority  ''  the  then  value"  should  not 
be  run  up  by  history  of  "  past  "  or  the  anticipation  of  "  future  "  profits. 
These  words,  **  past  or  future,"  are  suggested  by  the  word  '*  then." 
The  provision  is  that  no  *'  allowance  "  is  to  be  made,  and  that  is  very 
far  from  an  enactment  that  "  the  then  value  "  may  not  be  ascertained 
according  to  the  ordinary  rule  and  practice  in  like  cases.  The  argument 
of  the  respondents  concentrates  attention  exclusively  upon  the 
parenthesis,  and  ignores  and  belittles  everything  in  the  section  which 
would  explain  its  terms.  The  Lard  Justice  General  in  his  judgment 
well  says  :  "  The  contention  of  the  Corporation  seems  to  me  exposed 
to  the  grave  objection  that  it  allows  words  having  a  subordinate  and 
qualifying  position  to  kill  the  plain  import  of  the  main  proposition 
to  which  they  relate,  and  does  so  by  ascribing  to  those  words  more 
meaning  than, /rim^ya^;^,  they  bear.  I  cannot  conceive  why  the 
Legislature  should  describe  the  transaction  as  a  sale,  and  say  the 
terms  are  to  be  the  payment  of  the  existing  value  of  the  tramway,  and 
then  incidentally  and  by  way  of  exclusion  put  in  words  which  make 
the  terms  inconsistent  with  sale  and  purchase,  and  inconsistent  also 
with  payment  of  existing  value." 

It  must  be  remembered  that ''  the  then  value  "  of  lands  and  build- 
ings has  also  to  be  measured  under  the  same  section,  and  it  would  be 
almost  impossible  to  ascertain  the  value  of  land  and  buildings  without 
considering  what  rent  a  tenant  would  pay  for  them.  The  land  and 
buildings  may  have  cost  large  sums,  and  no  one  could  suggest  the 
reasonableness  of  giving  less  than  their  fair  value  under  this  provision. 
No  '' allowance"  is  here  to  be  made  for  "past  or  future  profits,''but 
"  the  then  value  "  is  to  be  arrived  at  by  the  ordinary  methods. 

It  is  also  not  to  be  forgotten  that  under  this  section  a  tramway  com- 
pany might  be  compelled  to  sell  the  most  paying  and  successful  part 
of  its  undertaking,  retaining  only  the  part  which  barely,  if  at  all,  paid 
its  expenses.  Under  this  section,  admittedly,  they  could  get  no  com- 
pensation for  compulsory  sale,  or  for  severance.  The  company  concede 
that  they,  under  its  terms,  are  debarred  from  "  any  allowance  "  for 
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their  profits  in  "the  past"  or  their  hope  of  greater  profits  in  "the 
future  "  ;  but  could  it  have  been  intended  that  in  providing  they  were 
to  get  "the  then  value"  they  were  to  get  less  than  would  come  to 
them  under  the  ordinary  rule,  and  be  subjected  to  an  arbitrary  stand- 
ard discovered  by  the  arbitrator  ?  The  Kirkleatham  case  is  important 
as  showing  (to  quote  Mr,  Justice  Henn  Collins)  "  the  words  which  the 
I^egislature  uses  when  it  does  intend  that  the  thing  sold  and  the  thing 
paid  for  shall  be  the  materials,  and  not  the  right  to  use  the  materials." 

The  section  in  the  present  case  is  framed  in  an  entirely  different 
manner,  because,  in  my  opinion,  the  Legislature  contemplated  a 
different  operation  with  different  results.  No  question  of  hardship 
can  be  considered.  The  construction  of  this  section  is  all  that  is 
before  your  Lordships.  I  venture  to  think  that  the  construction  sug- 
gested by  the  County  Council  is  unreasonable,  and  that  it  would  be 
natural  to  expect  that  if  the  Legislature  contemplated  such  a  mean- 
ing they  would  have  said  so  in  plain  language.  The  weighty  words 
of  Mr.  Justice  Mathew  are  worthy  of  attention  : — "  This  Act  of  Par- 
liament was  intended  to  inform  the  public  who  were  disposed  to 
become  shareholders  in  any  undertaking  of  this  sort,  and  one  would 
expect  plain  language  addressed  to  such  persons  and  their  advisers 
as  to  what  Parliament  meant.  If  Parliament  meant  to  inform  the 
public  '  you  shall  not  have,  at  the  end  of  21  years,  compensation  for 
the  value  of  the  undertaking,  but  the  undertaking  shall  be  sold  and 
the  materials  in  situ,  less  depreciation,'  I  cannot  help  thinking  that 
very  few  tramways  would  have  been  constructed  under  these  circum- 
stances, because  a  shareholder  proposing  to  take  shares  must  satisfy 
himself  that  the  profits  of  the  undertaking  would  not  only  pay  him 
interest  upon  his  investment,  but  would  restore  to  him  wholly  or  par^ 
tially,  at  the  end  of  21  years,  his  capital." 

I  have  already  intimated  the  doubts  which  I  roust  entertain  of  the 
soundness  of  my  views  when  I  recognise  the  high  authority  of  those  who 
have  reached  a  different  conclusion,  but,  with  all  deference  and  submis- 
sion, in  my  opinion  the  judgment  appealed  from  should  be  reversed. 

The  judgment  of  the  Court  below  was  affirmed,  and  the  appeal  dis- 
missed with  costs. 


The  London  Street  Tramways  Company  v.  The  London 

County  Council. 

This  appeal  from  a  decision  of  the  Court  of  Appeal  involved  a 
similar  question.    The  appellants  have,  under  the  authority  of  their 
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Acts  of  Parliament,  laid  down  and  constructed  tramways  in  certain 
streets  of  the  metropolis,  and  work  such  tramways  ^ith  cars  and 
horses,  and  own  or  hold  on  lease  various  depots  in  connection  there- 
with. A  large  section  of  the  tramways,  being  the  tramways  in  ques- 
tion in  this  appeal,  were  constructed  and  worked  under  the  powers 
of  the  London  Street  Tramways  Act,  1870.  Hy  section  44  of  that  Act 
it  was  provided  : — 

"  The  Metropolitan  Board  of  Works  may,  if  by  resolution  passed  at  a  special 
meeting  they  so  decide,  within  six  months  after  the  expiration  of  a  period  of 
twenty-one  years  from  the  passing  of  this  Act,  and  Mithin  six  months  after 
the  expiration  of  every  sul^equent   period  of  seven  years,  or  within   thiee 
months  after  any  order  made  by  the  Board  of  Trade  under  either  of  the  two 
next  preceding  sections,  with  the  approval  of  the  Board  of  Trade,  by  notice  in 
writing,  require  the  company  to  sell,  and  thereupon  the  company  shall  sdl  to 
them  their  undertaking  upon  terms  of  pacing  the  then  value  (exclusi\-e  of  any 
allowance  for  past  or  future  profits  of  the  undertaking,  or  any  compensation 
for  compulsory  sale,  or  other  consideration  whatsoe^'er)  of  the  tramway  and  all 
lands,  buildings,  works,  materials,  and  plant  of  the  company  suitable  to  and 
used  by  them  for  the  purposes  of  their  undertaking,  such  \'a]ue  to  be  in  case  of 
difference  determined  by  an  engineer  or  other  fit  person  nominated  as  referee 
by  the  Board  of  Trade  on  the  application  of  either  party,  and  the  expenses  of 
the  reference  to  be  borne  and  paid  as  the  referee  directs ;  and  when  any  sudi 
sale  has  been  made  all  the  rignts,  powers,  and  authorities  of  the  company  in 
respect  to  the  undertaking  sold,  or  where  any  order  has  been  made  by  the 
Board  of  Trade  under  either  of  the  next  preceding  sections,  all  the  rights, 
powers,  and  authorities  of  the  company  pre\ious  to  the  making  of  such  order  in 
respect  of  the  undertaking  sold,  shall  be  transferred  to,  vested  in,  and  may  be 
exercised  by  the  Metropolitan  Board  of  Works  in  like  manner  as  if  that  Board 
had  been  authorised  by  this  Act  to  construct  the  tramways  and  had  l>een 
named  in  this  Act  instead  of  the  company.    No  such  resolution  shall  be  >'alid 
unless  a  month's  prenous  notice  of  the  meeting  and  of  the  purpose  thereof  has 
been  given  in  manner  in  which  notices  of  meetings  of  sucn  Board  are  usually 
gi\-en,  nor  unless  two- thirds  of   the  members    constituting  such  Board  are 
present  and  vote  at  the  meeting,  and  a  majoritv  of  those  present  and  voting 
concur  in  the  resolution,  and  it  shall  be  lawful  for  the  chairman  of  any  such 
meeting,  %vith  the  consent  of  a  majority  of  the  members  present,  to  adjourn  the 
same  from  time  to  time,  and  the  Metropolitan  Board  of  Works  may,  in  order 
to  raise  money  for  the  purpose  of  carrying  this  section  into  effect,  create 
additional  stock,  not  exceeding  in  the  whole  2^300,ooo,  under  the  Metropolitan 
Board  of  Works  (Loans)  Act,  1869,  in  like  manner  and  ^ith  the  like  sanction 
in  and  with  which  they  may  create  stock  in  order  to  raise  money  for  the 
purposes  of  the  Acts  mentioned  in  the  first  schedule  to  that  Act,  and  all  the 
pro>isions  of  that  Act  shall  apply  as  if  that  money  were  raised  and  that  stock 
were   reated  for  the  purposes  of  the  last-mentioned  Acts,  with  the  exception 
that  the  money  required  for  the  purposes  of  this  section  may  be  borrowed  b>' 
them  in  addition  to  the  sum  limited  by  section  38  of  the  Metro|x>litan  Board  of 
Works  ^Loans)  Act,  1867,  proxided  always  that  the  Metropolitan  Board  of 
Works  snail  not  under  the  powers  of  this  Act  and  of  any  other  Act  passed  in 
the  present  Session  for  the  construction  of  tramways  in  tne  Metropohs  and  of 
the  Tramways  Act,   1870,  create  additional   stock  exceeding  in  the  whole 
/■300,ooo." 
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The  respondents  in  this  action,  under  the  provisions  of  the  Local 
Oovemment  Act,  1888,  have  succeeded  to  all  the  rights  and  duties  of 
the  Metropolitan  Board  of  Works,  including  the  rights  conferred 
by  the  said  44th  section.  In  pursuance  of  the  said  powers  the  respon- 
dents duly  gave  notice  in  writing  to  the  appellants  that  the  respon- 
dents required  the  appellants  to  sell  to  them  the  tramways  and  works 
and  undertaking  authorised  by  the  London  Street  Tramways  Act^ 
1870,  and  in  pursuance  of  the  said  Act  the  Board  of  Trade  duly 
appointed  Sir  Frederick  Bramwell  as  referee  to  determine  the  value, 
exclusive  of  any  allowance  for  past  or  future  profits  of  the  undertaking 
or  any  compensation  for  compulsory  sale  or  other  consideration  what- 
soever^ of  the  tramways  constructed  under  the  authority  of  the  said 
Act,  and  of  all  land,  buildings,  works,  materials,  and  plant  of  the 
Tramway  Company  suitable  to  and  used  by  them  for  the  purposes  of 
the  undertaking  authorised  by  the  said  Act 

In  the  course  of  the  proceedings  the  appellants  proposed  to  tender 
evidence  of  the  actual  profits  made  by  them  on  the  purchased  tram- 
ways, and  stated  that  the  object  of  such  evidence  was  to  arrive  at  the 
value  of  the  tramways  by  taking  a  certain  number  of  years'  purchase 
of  the  profits  to  be  shown  by  such  evidence.  The  respondents  objected 
to  such  evidence  on  the  ground  that,  having  regard  to  the  terms  of 
the  London  Street  Tramways  Act,  1870,  the  referee  was  prohibited 
from  taking  past  profits  into  consideration  for  the  purpose  aforesaid. 
The  referee  refused  to  receive  such  evidence  on  the  ground  that  the 
terms  of  the  said  Act  did  not  authorise  or  permit  him  to  adopt  a 
method  of  valuation  based  on  years'  purchase  of  profits. 

Thereupon  the  appellants  tendered  further  evidence  to  show  the 
rental  value  of  the  purchased  tramways  considered  as  let  or  capable 
of  being  let  to  a  tenant,  and  stated  that  the  object  of  such  evidence 
was  to  arrive  at  the  value  of  the  purchased  tramways  exclusive  of  any 
allowance  for  past  or  future  profits  of  the  undertaking.  The  respon- 
dents objected  to  such  evidence,  but  the  referee  admitted  the  same, 
subject  to  such  objection  as  might  be  taken  on  its  being  shown  by 
cross-examination  or  further  evidence  that  the  proposed  mode  of 
arriving  at  a  value  by  means  thereof  involved  an  allowance  for  past  or 
future  profits  of  the  undertaking,  and  on  such  evidence  and  cross-ex- 
amination being  completed,  and  such  objection  taken,  the  referee 
abstained  from  taking  such  evidence  into  consideration  in  arriving  at 
the  value  awarded,  on  the  ground  that  the  mode  of  valuation  to  which 
such  evidence  was  directed  involves  an  allowance  for  past  or  future 
profits  within  the  meaning  of  the  said  section. 

The  respondents  tendered  evidence  to  show  the  opinion  of  expert 
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witnesses  as  to  the  proper  cost  of  construction  of  the  purchased 
tramways  and  the  depreciation  of  such  value  by  comparing  the  con- 
dition at  the  time  of  sale  and  purchase  with  the  condition  w^hen 
newly  constructed,  and  stated  that  the  object  of  such  evidence  was 
to  arrive  at  the  value  on  the  basis  of  cost,  less  depreciation.  The 
appellants  objected  to  such  evidence  on  the  ground  that  evidence  of 
the  cost  of  construction,  either  with  or  ^vithout  depreciation,  was  in- 
admissible for  the  purpose  of  ascertaining  the  value  according  to 
the  true  intent  and  meaning  of  the  said  section.  The  referee  ad- 
mitted such  evidence  as  giving  information  which  he  might  properly 
take  into  consideration  in  determining  the  value  within  the  meaning 
of  the  said  section  under  the  circumstances  aforesaid. 

The  referee,  with  a  view  to  ascertain  the  value  of  the  purchased 
tramways,  measured  by  what  would  be  the  cost  of  establishing  the 
purchased  tramways  as  existing  at  the  time  of  sale  and  purchase, 
required  evidence  of  the  cost  of  obtaining  the  Parliamentary  powers 
necessary  to  authorise  the  construction  and  use  thereof,  and  evidence 
relating  to  certain  outgoings  which  in  the  course  of  the  reference 
had  been  incidentally  mentioned,  and  appeared  to  be  outgoings  of 
the  kind  necessarily  or  usually  involved  in  the  construction  and 
establishment  of  tramways  such  as  the  purchased  tramways,  and 
some  such  evidence  was  given. 

In  the  course  of  the  proceedings  an  agreement  was  made  between 
the  appellants  and  the  respondents  as  to  the  price  to  be  paid  by  the 
respondents  for  such  of  the  dep6ts  of  the  appellants  as  the  respon- 
dents required  to  purchase,  and  as  to  the  separate  valuations  of  the 
horses,  cars,  harness,  and  stable  utensils,  plant,  machinery,  tools, 
and  other  materials  in  such  agreement  more  particularly  described. 

The  referee  having  heard  the  evidence  given  on  behalf  of  the 
appellants  and  the  respondents  respectively,  and  the  arguments  of 
their  counsel  respectively,  duly  made  and  published  his  award, 
dated  the  nth  day  of  March,  1893,  by  which  he  determined  and 
awarded  that  the  sum  of  ;^64,50o  was  the  value  of  the  purchased 
tramways  and  the  works  thereof,  other  than  the  works  comprised 
in  the  before-mentioned  agreement,  exclusive  of  any  allowance  for 
past  or  future  profits  of  the  undertaking,  or  any  compensation  for 
compulsory  purchase  or  other  consideration  whatsoever,  except  the 
consideration  of  the  value  to  the  appellants  or  the  respondents, 
measured  by  what  it  would  cost  either  the  appellants  or  the  respon- 
dents to  establish  the  purchased  tramways  if  such  tramways  did  not 
now  exist,  but  taking  into  account  a  proper  deduction  in  respect  of 
depreciation. 
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The  appellants  gave  notice  of  motion  to  set  aside  or  to  send  back 
to  the  referee  the  award,  and  the  motion  was  heard  before  the 
Divisional  Court  of  the  Queen's  Bench  Division,  consisting  of  Mr. 
Justice  Mathew  and  Mr.  Justice  Collins,  in  January,  1894.  The 
learned  judges,  having  taken  time  to  consider,  gave  judgment  in  favour 
of  the  appellants,  ordering  the  award  to  be  remitted  to  the  referee  for 
reconsideration  and  redetermination,  and  the  costs  of  the  motion  to 
be  ultimately  paid  by  the  respondents.  The  respondents  appealed 
from  this  judgment  to  the  Court  of  Appeal,  and  their  appeal  came  on 
to  be  heard  before  Lord  Justice  Lindley,  Lord  Justice  Kay,  and  Lord 
Justice  A.  L.  Smith,  in  March,  1894.  '^^^  Court,  having  taken  time 
to  consider,  gave  judgment  allowing  the  appeal,  and  discharging  the 
order  with  costs  of  such  appeal  and  of  the  Divisional  Court.  The 
company  thereupon  appealed  to  the  House  of  Lords. 

Sir  R.  Webster,  Q.C.,  Mr.  Cripps,  Q.C.,  and  Mr.  H.  Sutton 
appeared  for  the  appellant  company  ;  and  Mr.  Finlay,  Q.C.,  and  Mr. 
Freeman  for  the  London  County  Council.  The  case  having  been 
argued,  judgment  was  reserved,  and  their  Lordships  now  delivered 
formal  judgment,  dismissing  the  appeal  with  costs. 

The  Lord  Chancellor. — I  have  carefully  considered  the  distinc- 
tions pointed  out  between  this  case  and  that  in  which  judgment  has 
just  been  delivered,  but  I  think  With  those  of  your  Lordships  who 
heard  the  case  that  there  is  no  such  difference  as  to  lead  to  a  different 
conclusion. 

Lord  Watson  and  Lord  Shand  concurred. 

Lord  Ashbourne  said  that  he  differed  from  the  rest  of  their 
Lordships  in  this  as  he  had  done  in  the  previous  case. 

The  judgment  of  the  Court  of  Appeal  was  affirmed,  and  the  appeal 
dismissed  with  costs. 
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APPENDIX   C 


Total  Working  Expenditure  on  all  the  Tramways 
OF  THE  United  Kingdom  for  the  Year  ending 

June  30,  i893.» 


Items. 


Maintenance  of  way  and  works 

Locomotive  power  . 

Horsing,  or  animal  power 

Repair  and  renewal  of  engines 

Repair  and  renewal  of  cars 

Renewal  of  horses  . 

Traffic  expenses 

Direction  and  management    . 

Rent  of  tramways  (offices, 
stables,  and  sheds) 

Rates,  taxes,  and  turnpike 
tolls 

Compensation  for  personal  in- 
jury       

Legal  and  parliamentary 

Sundry 

Totals 


Working 

Per  mile 

expenditure. 

open. 

£> 

I 

188,461 

196 

122,776 

128 

1,060,879 

1,10^ 
56 

54»099 

123,306 

128 

144,969 

151 

791,055 

823 

82,970 

86 

47,978 

50 

80,541 

84 

29,296 

31 

9,374 

10 

101,742 

106 

.    2,837,446 

1 

2,953 

Per  cent, 
of  total 
expendi- 
ture. 


Per  cent. 
6-64 

4*33 

1*90 
4*35 

5*12 

27-88 
2  92 

1-68 

2-84 


1*04 
3-5^ 


lOO'OO 


See  antCy  p.  48. 


730  APPENDIX. 


APPENDIX    D. 


MILEAGE    LENGTH     OF    STREET    RAILWAYS    IN    THE 
UNITED    STATES   OF  AMERICA,   WITH   CAR-STOCK. 

The  subjoined  Table  •  shows  the  street-railway  mileage  opened, 
with  the  number  of  cars  worked  by  horse,  electrical,  cable,  and 
steam-power,  in  the  several  United  States  of  America,  for  the 
year  1893,  with  totals  for  1892  added  for  comparison.  The  mileage 
length  is  single  track,  one  mile  of  double  track  being  counted  as 
two  of  single  track,  and  switches  in  addition.  The  numbers  of  cars 
under  the  headings  cable,  electrical,  and  steam,  include  trail  cars  as 
well  as  motor  cars : — 


♦  Adapted  from  The  Street  Railway  Journal^  Januan*.  1804. 
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Comparison  of  the  Mileage  and  Cars  of  Street  Rail- 
ways IN  THE  United  States  of  America,  for  the 
Years  ending  December  1892  and  1893. 


Horse. 

Electric. 

Cable. 

Steam. 

Total. 

States  and  Terri- 
tories. 

Miles. 

Cars. 

Miles. 

Cars. 

«44 
3 

Miles. 

Cars. 

Miles. 

Cars. 

Miles. 

Cars. 

Alabama .... 
Arizona   .... 

36 
5 

92 

4 

79 
5 

•  •  • 

■  •  • 

148 

•  •• 

XX2 

... 

1 
263 
xo 

348 

7 

Arkansas      .    .     . 

38 

85 

35 

95 

•  ■  • 

5 

z 

«?? 

x8x 

California    .    .     . 

231 

706 

25 « 

403 

156 

630 

49 

79 

X828 

Colorado .... 

7 

7 

163 

327 

30 

232 

15 

4 

2x5 

570 

Connecticut     .    . 

X07 

417 

72 

158 

•  ■• 

•  •  ■ 

■  •  • 

•  •• 

179 

575  1 

Delaware     .     .    . 

6 

22 

13 

56 

■  •  ■ 

■  •• 

•  •• 

19 

72 

District  Columbia 

57 

3«4 

56 

107 

22 

389 

•  ■  • 

•  •• 

135 

820 

Florida    .... 
Georgia   .... 
Idaho  

28 
34 

% 

5 
213 

10 
306 

•  •  • 

•  ■  • 

•  •  ■ 

28 

•  •  * 

27 

33 
275 

65 
422 

... 

■  •• 

3 

2 

•  ■  • 

■  •• 

•  •  > 

•  •• 

3 

2 

Illinois     .... 

343 

3389 

39<> 

805 

86 

863 

\ 

2 

828 

5059 
583 

Indiana    .... 

92 

167 

X73 

402 

■  •  ■ 

•  ■  ■ 

14 

273 

Iowa 

34 

56 

232 

431 

7 

34 

z8 

19 

291 

540 

Kansas     .... 

54 

III 

108 

x6o 

■  >  « 

>•■ 

xz 

22 

»73 

293 

Kentucky     .    .    . 

9» 

2»0 

130 

4«3 

■  *  • 

•  ■• 

■  ■• 

•  •  « 

228 

693 

Louisiana     .     .    . 

98 

334 

52 

103 

•  •• 

■  «• 

9 

36 

157 

473 

Maine 

28 

52 

48 

93 

•  •  « 

■  ■• 

•  •■ 

•  »  • 

76 

145 

Maryland     .     .    . 

59 

263 

IXO 

267 

37 

809 

2 

4 

208 

743 
4165  I 

Massachusetts  .     . 

219 

1968 

616 

2184 

•  •• 

«  •■ 

6 

13 

841 

Michigan.     .     .    . 

5' 

206 

249 

637 

•  •  • 

•  •• 

9 

XI 

309 

854  ! 

Minnesota    .     .     . 
Mississippi   .    .    . 

10 
21 

16 
54 

319 

•  •• 

778 

•  •• 

ZI 

•  ■  • 

80 

•  ■  • 

••6 

... 
10 

340 
27 

874  ' 
64 

Missouri  .... 

43 

183 

324 

1078 

108 

1114 

22 

30 

482 

2405 

Montana .... 

•  ■■ 

•  ■  a 

60 

67 

2 

4 

2 

5 

66 

76 

Nebraska     .    .    . 

52 

91 

x6o 

297 

6 

30 

•  •• 

•  •  • 

208 

424 

New  Hampshire   . 

22 

50 

24 

39 

•  •  • 

•  •■ 

■  ■• 

•  •  • 

46 

sj 

New  Jersey  .    .    . 
New  York    .    .    . 
North  Carolina    . 

167 

669 

202 

500 

z 

2 

8 

X5 

378 

XI86 

629 
5 

4275 

7 

758 

2215 
1785 

39 

•  •• 

408 

Z2 

7 

3<i 
7 

1438 
42 

6934 
67 

Ohio 

69 

^57 

556 

1 

322 

4 

8 

673 

2272 

Oregon     .... 

7 

8 

.9' 

1278 

23 

31 

39 

137 

243 

Pennsylvania    .    . 

522 

1812 

687 

70 

324 

4 

6 

1278 

3420 

Rhode  Island  .    . 

68 

353 

51 

89 

3 

58 

122 

500  ' 

99 

25 

439 

South  Carolina 

34 

93 

12 

6 

^ 

46 

South  D;ikota  .    . 
Tennessee    .    .     . 

17 
23 

50 

9 
202 

7 
332 

•  •• 

•  •• 

•  •• 

•  •• 

6 
73 

2 
57 

3* 
298 

Texas 

Utah 

99 

•  •  ■ 

205 

•  •• 

278 
86 

iS? 

•  ■  » 

•  •• 

32 
X5 

29 
XO 

409 
XOI 

599 
138 
27 
274 
340 

Vermont  .... 
Virginia  .... 

zo 
26 

19 
89 

5 

Z20 

8 
z8i 

•  •• 

•  •• 

■  •• 

•  •• 

4 

15 
150 

Washington      .     . 

7 

8 

221 

% 

27 

77 

5 

27X 

West  Virginia  .    . 

X3 

19 

34 

•  •■ 

•  ■■ 

47 

X04 

Wisconsin    .    .    . 

23 

Til 

230 

419 

«  ■• 

•  •  • 

X2 

9 

265 

46Z 

Wyoming     .     .     . 

5 

II 

•  ■« 

•  •■ 

•  ■  ■ 

•  ■• 

«  ■  ■ 

■  ■  • 

5 

XX 

Total  1893     .     . 

3497 

»<'845 

7476 

17233 

658 

4805 

566 

6x6 

12x74 

39509 

Total  Z892     .    . 

4460 

»93»5 

5939 

«34i5 

646 

397X 

620 

698 

"634  37274 
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INTRODUCTION   OF    AMERICAN    STREET 
TRAMWAYS  INTO   EUROPE. 

By  CHARLES  BURN.  CE. 

The  American  horse  tramway  for  the  conveyance  of  passengers 
through  the  streets  of  cities,  though  in  use  in  the  United  States  since 
i855i  ^^^  ^^^  introduced  into  England  until  i860,  nor  on  the  Conti- 
nent until  1 86 1. 

In  i860  the  American,  Mr.  George  Francis  Train,  with  the  co- 
operation of  Mr.  G.  B.  Bruce,  Mr.  James  Samuel,  and  Mr.  Charles 
Burn,  civil  engineers,  and  others,  obtained  permission  of  the  parish 
vestries  to  lay  down  tramrails  along  the  Kennington  Road,  from 
Westminster  Bridge  to  Kennington  Common,  from  Westminster 
Abbey  along  Victoria  Street  to  Victoria  Station,  and  from  the 
Marble  Arch  to  Notting  Hill  Gate,  along  the  Bayswater  Road. 
Registered  companies  were  formed  to  carry  them  out,  the  capital  of 
which  was  privately  subscribed  by  Mr.  Train  and  his  friends. 

The  tramrail  adopted  was  what  was  then  known  as  the  Phila- 
delphia tramrail,  being  5  inches  wide,  3  inches  of  which  was  flat, 
with  a  raised  flange  on  one  side  2  inches  wide  and  f  inch  in  height, 
the  flat  portion  to  be  for  the  use  of  the  ordinary  vehicles.  The  gauge 
was  4  feet  8^  inches.  The  rail  was  fixed  to  longitudinal  sleepers, 
resting  upon  cross  ties,  laid  upon  the  substratum  of  the  roadway. 

This  rail,  having  a  flat  portion  which  could  be  used  by  ordinary 
vehicles,  was  thought  to  offer  great  advantages  to  the  public,  and 
that  less  objection  would  be  raised  to  laying  it  down  in  the  public 
thoroughfares  than  the  grooved  rail,  which  could  be  used  by  the 
tramcars  only  ;  but  it  was  soon  found  to  be  very  objectionable.  The 
horses  of  the  ordinary  vehicles  slipped  upon  the  flat  portion  of  tfie 
rail,  and  the  raised  flange   seriously  obstructed  vehicles  crossing 
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the  tramway,  causing  breakage  of  the  axles,  &c.,  so  that  great 
opposition  was  raised  by  the  owners  of  private  carriages  and 
other  vehicles  against  the  Tramways,  leading  to  legal  proceed- 
ings being  taken  against  the  Tramway  Companies,  the  result  being 
that  the  Companies  were  compelled  to  remove  the  rails  and  rein- 
state the  roadways.  Tramways  were  considered  a  nuisance  and  not 
adapted  for  London  ;  so  that  by  having  adopted  an  unsuitable  rail 
the  introduction  of  tramways  into  London  was  delayed  ten  years. 

Mr.  Train  also  obtained  permission  at  the  same  time  from  the 
local  authorities  at  Birkenhead  to  lay  down  tramways  in  that  town, 
the  same  rail  being  adopted  as  in  London.  The  local  street  traffic 
not  being  there  so  large  as  in  London,  no  great  objection  was  raised 
there  against  the  rail ;  so  the  Birkenhead  tramway  was  allowed  to 
remain.  Afterwards  Parliamentary  powers  were  obtained  by  the 
Tramway  Company,  the  old  rail  was  supplanted  by  the  grooved  rail, 
and  this  tramway  has  been  working  ever  since  ;  so  the  Birkenhead 
tramway  may  be  regarded  as  the  first  American  tramway  constructed 
and  successfully  worked  in  England. 

Three  years  previously,  or  in  1857,  ^  concession  was  granted  by 
the  French  Government  to  a  Monsieur  Boyer  Bardy  to  construct  and 
work  an  American  horse  tramway  from  Clermont- J  erraud  to  Reom, 
in  the  Department  of  the  Puy  de  Dome.  This  concession  he  trans- 
ferred to  Mr.  Charles  Burn,  C.E.,  in  1859,  who  endeavoured  to 
carry  it  out  by  means  of  an  English  company  called  **  The  Anglo- 
French  Tram  Railroad  Company,  Limited.**  This  company  was 
the  first  English  tramway  company  registered  in  London.  Attempts 
were  made  to  raise  the  capital  in  London,  but  without  success ;  so 
the  project  was  abandoned  and  the  concession  lapsed.  The  cahier 
des  charges^  or  conditions  upon  which  this  concession  was  granted, 
has  been  the  model  upon  which  concessions  for  tramways  on  the 
Continent  since  granted  have  been  based. 

In  1 861  a  concession  was  obtained  by  Mr.  Charles  Bum,  C.E., 
for  the  construction  and  working  of  an  American  tramway  in 
Switzerland,  from  Geneva  to  Carouge,  a  length  of  about  two  miles. 
The  conditions  upon  which  this  tramway  was  granted  were  based 
upon  the  model  of  the  Clermont- Reom  concession,  with  this  ex- 
ception, that  by  reason  of  want  of  knowledge  and  experience  on 
the  part  of  the  authorities  as  to  the  construction  and  working  of 
American  street  tramways  in  Europe,  and  the  effect  upon  other 
vehicles  using  the  roadway,  the  concession  was  made  a  conditional 
one  for  five  years  only,  at  the  end  of  which  time,  if  the  tramway  was 
found  to  impede  the  ordinary  traffic,  or  found  to  be  a  nuisance^  the 
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concessionaire  was  bound  to  remove  it ;  if  otherwise,  the  concession 
held  good  for  another  fifty  years. 

The  tramway  was  constructed  and  opened  by  Mr.  Bum  in  i86i» 
and  proved  a  great  success ;  so  that  within  twelve  months  after  the 
opening  the  concession  was  made  definitive  for  fifty-five  years. 

This  being  the  first  American  tramway  constructed  on  the  Con- 
tinent, it  attracted  notice  from  all  parts  ;  so  that  within  a  few  years 
concessions  were  obtained  for  tramways  in  Vienna,  Hamburg, 
Copenhagen,  and  Berlin,  and  they  are  now  found  in  most  European 
cities,  and  have  proved  to  be  a  great  benefit  to  the  inhabitants,  and 
generally  remunerative  to  the  proprietors. 

In  England  the  tramway  idea  languished.  It  was  ten  years  after 
Mr.  Train's  first  attempt  to  establish  tramways  in  London  in  i860, 
that  a  second  attempt  was  made.  After  the  expenditure  of  many 
thousand  pounds  and  against  great  opposition,  an  Act  of  Parliament 
was  obtained  by  an  Anglo-American  Syndicate  for  the  construction 
of  tramways  in  North  London. 
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TRAMWAYS  IN  GERMANY :  A  COMPARISON  BETWEEN 
THE  COST  OF  HORSE-TRACTION  AND  ELECTRIC 
TRACTION. • 

(Zeitschrift  fiir  Transportwesen  und  Strassenbau,  1893,  p.  432.) 

The  comparison  is  founded  on  many  years'  experience  of  an  im- 
portant German  tramway  company  in  horse-traction  (the  situation  of 
which,  however,  is  not  given),  and  by  carefully  obtained  trial-results 
in  electric  traction. 

The  tramway  selected  is  8'o8  miles  in  length,  and  establishes 
intercourse  between  a  large  town  and  several  suburbs.  The  time- 
table is  so  prepared  that  the  trams  run  at  6.0,  6.30,  7.0  A.M.,  and 
then  every  quarter  of  an  hour  until  9  P.M.,  after  which  they  run  at 
9.30,  10.0,  10.30,  and  II  P.M.  The  car,  which  is  a  one-horse  one, 
carries  thirty  persons  inclusive  of  driver  and  guard ;  on  twenty  days 
of  the  year  it  is  necessary  to  double  this  service. 

With  the  use  of  horse-traction,  a  speed  of  eight  to  ten  miles  an 

hour  is  the  limit,  and  eight  cars  are  required  for  the  service  ;  126  (2 

X  63)  single  tours  are  made  daily,  and  ioi8'o8  (126  x  8'o8)  car-miles 

are  run,  consequently  391,  961  [(365  +  20)  x  ioi8*o8]  car-miles  are 

run  in  the  year. 

As  the  daily  performance  of  a  horse  in  tramway  work  amounts,  on 
the  average^  to  16  miles,  theoretically  63  horses  are  required  for  the 
usual  traffic,  but  in  practice,  10  per  cent,  more  are  added  to  make 
allowances  for  disease  and  rest,  so  that  70  horses  are  kept.  The 
70  horses  represent  a  capital  of  ;^3,i50  (70  x  ;^45),  and  a  further 
sum  of  ;^4,250  is  required  for  land  and  buildings.    The  following 

*  For  this  paper  the  Author  is  indebted  to  the  Minutes  of  the  Proceedings 
of  the  Institution  of  Civil  Engineers^  vol.  cxvi.,  session  1893-94,  where  it 
appears  amongst  the  Foreign  Abstracts. 
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tables  are  then  given  as  representing  the  yearly  cost  of  horse- 
traction  : — 


I.— Pay^ient  of  Interest  and  Depreciation. 


4  per  cent,  interest  on  ;f  7»4«>  (d'^^l^  +  jf 4.250) 
15       „         depreciation  of  capital  vadue  ofhorses 
ij      „  „  „  „  buildings 


Total 


£      s.  d. 

296    O  O 

472  lO  O 

63  15  O 


832    5    o 


II.— Cost  of  Management. 


Salary  of  manager 
Wages  of  eight  drivers 
Wages  of  six  stable-boys 
Provender  for  seventy  horse 
Harness  and  shoeing  . 
Veterinarv  treatment  . 
Repair  of  stables,  &c. 
Sundries 


Total 


I 

s. 

d. 

90 

0 

0 

360 

0 

0 

150 

0 

0 

2,175 

0 

0 

287 

10 

0 

65 

0 

0 

100 

0 

0 

72 

10 

0 

3,300    o    o 


These  two  sums,  amounting  to  ;f4,i32  5s.  od.  yearly  for  70  horses, 
gives  3s.  2"8d.  per  horse  per  day.  But  to  this  sum  is  still  to  be 
added  the  hiring  price  of  63  horses  for  20  days  at  ss.  per  day, 
which  amounts  to  j^3i5.  Therefore  the  total  yearly  disbursement 
for  horse-traction  is  ;^4,447  5s.  od.,  the  cost  per  car-mile  being 
2-72d  //M47^5S:Od.\ 
A       391,961       /' 

The  estimate  for  electric  traction  is  founded  on  the  overhead  line 
system  of  O.  L.  Kummer  &  Co.,  of  Dresden.  Each  car  is  provided 
with  2  electromotors  of  8  H  .P.  The  capital  required  is  estimated  as 
follows : — 

L  s.  d. 

Land 150  o  o 

Buildings 1,600  o  0 

Boiler  and  engine  and  two  dynamos,  including  all  fit- 

linjjs 3,750  o  o 

Length  of  8 "oS  miles  of  line- work,  fixed  complete  .  3,500  o  o 
Electric  fittings  for  nine  cars,  one  of  which  stands  in 

rcscr\e         ........  2,250  o  o 

Total  capital  expenditure  .         .  11,250    o    0 
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The  following  tables  are  then  given  as  representing  the  yearly  cost 
of  electric  traction  : — 


I. — Payment  of  Interest  and  Depreciation. 


£ 

•. 

d. 

4  per  cent,  interest  on  ;f  1 1,250        .        .        .        . 

450 

0 

0 

i^      ,,        depreciation  on  buildings  account   . 

24 

0 

0 

7}      „                 „               engine,  &c.,  account 

281 

5 

0 

5        „                 ,.                line- work  account   . 

175 

0 

0 

15        ,.                 „                electro-motors  account 

337 

10 

0 

Total 


1,267  15    ^ 


II. — Cost  of  Management. 

Salary  of  manager 

Wages  for  three  enginemen        .... 

Fud 

Carriage  of  cinders 

Lubricants 

General  repairs 

Sundries 

Total 


£ 

s. 

d. 

90 

0 

0 

180 

0 

0 

830 

0 

0 

10 

0 

0 

125 

0 

0 

225 

0 

0 

72 

S 

0 

1,532    5    o 


These  two  sums,  amounting  tO;^2,8oo,  give  i72d.  per  car-mile  as- 
the  cost  of  electric  traction. 

The  paper  concludes  in  enumerating  several  advantages  that 
electrical  cars  possess  over  the  horse-cars  in  the  matter  of  speed,, 
safety,  and  size  in  crowded  streets,  as  well  as  in  cost. 

J.  A.  T. 
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GAS  MOTORS  FOR  TRAMWAYS.* 
(Hy  A.  Kemper,  Dessau,  Journal  fur  Gasbeleuchtimg,  1893,  p.  505.) 

Only  twenty-six  years  have  elapsed  since  the  first  horse-tramway 
was  established  in  Germany,  but  in  1889,  in  about  fifty  towns,  there 
were  838  miles  in  use,  while  in  the  United  States  much  greater 
progress  has  been  made. 

With  horse-tramways,  in  addition  to  the  heavy  cost,  there  is  the 
objection  to  the  litter  they  create,  especially  at  stopping  places. 
The  cost  of  horses  for  one-horse  cars  amounts  to  from  1*35  to  1*50 
pence  per  car  per  mile,  and  twice  as  much  for  two-horse  cars  ;  but 
the  cost  of  the  motive  power  is  small  compared  with  the  total  cost, 
including  veterinary  surgeons,  medicines,  renewal  of  horses,  shoe- 
ing, and  repairing  and  cleaning  the  streets,  all  of  which  bring  the 
total  cost  of  working  a  one-horse  tramcar  to  4*5  to  5*4  pence  per 
mile,  or  for  a  two-horse  car  5*8  to  773  pence  per  mile.  Horses  have 
the  advantage  over  other  motors  that  they  more  easily  overcome 
obstacles ;  experiments  have  shown  that  a  horse,  pulling  a  full 
tramcar,  temporarily  exerts  more  than  ten  times  the  nominal  traction 
power.  Horse-cars  are  also  light,  weighing  only  to  2  to  2^  tons, 
while  the  weight  of  a  motor-car  is  4  to  7  tons  and  more. 

With  steam-power  there  is  not  only  the  nuisance  of  smoke,  ashes, 
and  sparks,  but  also  the  disadvantage  of  weight  and  the  general 
difficulty  of  working,  and  the  working  expenses  are  so  heavy  that 
steam  can  only  be  used  advantageously  when  several  cars  are  taken 
together.  At  Berne  compressed  air  is  used,  compressed  at  a  central 
station  to  50  atmospheres,  one  horse-power  being  required  to  com- 
press 148  cubic  feet  of  air.     The  speed  of  the  cars  is  about  7  miles 

♦  For  this  paf>er  the  Author  is  indebted  to  the  Minutes  of  the  Proceedings 
of  the  Institution  of  Civil  Engineers,  vol.  cxvi.,  session  1893-94,  where  it 
appears  amongst  the  Foreign  Abstracts. 
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per  hour,  which  can  be  increased  to  over  9  miles  per  hour.    A  car 
weighs  about  7  tons,  and  carries  20  passengers. 

Cable-trams  are  suitable  for  steep  gradients,  but  they  can  seldom 
be  used  in  a  town,  as  the  cable  must  be  enclosed,  and  passing  places 
can  only  be  worked  with  horses  or  supplementary  cables.  Hydraulic 
and  also  benzene  and  naphtha  motors  have  also  been  proposed,  and, 
in  New  York,  trials  have  been  made  to  utilise  liquid  carbonic  acid. 
Electric  motors  have  also  been  extensively  adopted  in  America,  and 
they  are  looked  upon  with  much  favour  in  Germany ;  but  it  has  been 
found  difficult  to  charge  the  accumulators  on  the  cars. 

For  working  tramcars  with  gas  the  receivers  are  six  to  ten  in 
number,  having  a  total  capacity  of  44  to  88  cubic  feet,  and  are 
placed  beneath  the  floor.  The  gas  supply  is  taken  from  the  mains, 
only  a  supply-station  and  a  small  compressing  engine  being  needed  ; 
one  or  more  such  stations  being  provided,  according  to  the  length  of 
the  line,  each  station  costing  ;^400  to  ;if6oo.  A  plan  for  a  compress- 
ing'Station  is  given,  showing  an  8-H.P.  gas-engine  with  a  compressor 
capable  of  compressing  2,130  cubic  feet  of  gas  per  hour.  The  gas, 
taken  from  the  main,  is  passed  through  a  meter  to  two  storage 
vessels,  having  a  united  capacity  of  nearly  400  cubic  feet  At  a 
pressure  of  8  atmospheres  they  will  supply  the  reservoirs  of  two  cars 
at  6  atmospheres.  The  gas  required  for  compressing  purposes  is 
about  8  per  cent,  of  the  gas  to  be  compressed.  Two  types  of  cars 
for  gas-tramways  have  been  introduced  in  Germany.  Those  of 
Messrs.  Guilli6ron  and  Amrein  are  used  on  the  line  between  Neu- 
chatel  and  St.  Blaize.  There  is  an  8-H.F.  gas-engine  on  the  outside 
platform  of  the  car.  The  gas  receivers  are  sufficient  for  the  double 
journey  of  over  3  miles  each  way,  the  consumption  being  estimated 
at  34  cubic  feet  per  car  per  mile.  An  empty  car  weighs  6  tons,  will 
carry  20  passengers,  and  costs  £750. 

The  other  t)rpe  is  that  of  Liihrig  of  Dresden.  Each  car  is  driven 
by  two  7-H.P.  gas-engines,  fixed  under  the  seats,  with  the  fly-wheels 
behind  the  backs  of  the  seats.  The  engines  can  be  worked  together 
or  separately,  and  arrangements  are  made  for  three  rates  of  speed, 
150  revolutions  per  minute  when  engines  are  running  free,  200  revo- 
lutions for  low  and  240  for  high  speed.  If  the  car  remains  only  a 
short  time  at  the  stopping  or  end  stations,  the  engines  run  alone,  to 
avoid  re-starting.  Ignition  is  effected  by  means  of  a  small  electro- 
magnetic lighter.  The  condensing-tanks  are  on  the.  roof  of  the  car, 
with  automatic  circulation.  There  are  three  shafts,  one  with  toothed 
wheels  worked  direct  from  the  engines  and  wheels  for  varying  the 
speed.    The  large  cars  weigh  when  empty  7^  tons,  and  with  29 

3  B  2 
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persons  9^  tons,  and  will  ascend  an  incline  of  i  in  23  at  a  moderate 
speed.  A  smaller  car,  better  suited  to  steep  gradients,  has  been 
constructed,  and  is  worked  with  a  lo-H.P.  engine.  This  car  weighs 
about  4^  tons,  and  holds  22  persons,  and  would  ascend  an  incline  of 
I  in  15  at  a  speed  of  over  3^  miles  per  hour.  The  cost  of  a  large  car 
is  estimated  at  ^^900,  and  of  the  smaller  one  at  j£7oo.  The  gas- 
consumption,  with  10  to  12  passengers  with  the  large  car,  was  found 
to  be  347  to  2;]  cubic  feet  per  car  per  mile. 

For  the  cost  of  construction  it  is  estimated  that,  for  a  line  about 
five  miles  long,  with  cars  running  every  five  minutes,  which  would 
require  20  cars,  and  with  an  average  working  day  of  14  hours,  the 
cost  of  a  gas-worked  tram-line,  including  rails,  cars,  buildings,  &c., 
would  be  ;^6,040  per  mile.  Under  similar  conditions  an  electric 
tram  is  estimated  to  cost  j£7,648  per  mile,  and  a  horse-tram  j^S,636. 
The  working  expenses  with  gas  at  3s.  5d.  per  i  ,000  cubic  feet  are 
estimated  at  about  3  pence  per  car  per  mile,  for  horse-trams,  with 
i-horse  cars  at  4*25  to  5*4  pence  per  car  per  mile,  and  for  electric 
trams  at  3*86  pence  per  car  per  mile ;  and  it  is  shown  that,  with 
similar  traffic  conditions,  a  gas- tram  might  be  expected  to  give  a 
return  of  6^  per  cent,  on  the  capital  invested,  while  an  electric  tram 
would  barely  cover  the  cost  of  working. 

C.  G. 
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ELECTRICAL  TRAMWAYS  IN  EUROPEAN   COUNTRIES. 

According  to  Mr.  Robert  Hammond,*  the  following  is  a  complete 
list  of  the  electric  tramways  or  railways  in  operation  (June  1894),  in 
Europe : — 


Country  and  Town. 

System. 

te  of  Com- 
pletion. 

igtfa  of  line 
(miles). 

Method  of 
transmission. 

J 

eSS- 

UNITED  KING 

DOM. 

Portruih— Bushmills        ) 
(Ireland)           j 

Siemens 

1883 

6 

xoo 

Third  rail 

Blackpool 

Kyde  Pier  (I.W.) 

Holroyd-Smith  ... 

X883 

2 

X40 

Conduit 

Siemens    

1883 

i 

X2 

Third  rail 

Brighton 

Magnus  Volk 

Z884 

I 

20 

Third  rail 

Bessbrook— Newry  (Ire-") 
land)      I 

Hopkinson 

1885 

3} 

62 

Third  rail 

Birmingham        

Elwell-Parker    ... 

X890 

3 

80 

CAccumu- 
\    lators 

Southend  Pier    

Crompton ... 

Z890 

f 

SO 

Third  rail 

London    (Cit^    and    S.  | 
London  Railway)      ...  | 

Hopkinson 

1890 

3i 

Z200 

Third  rail 

Carstairs 

Anderson-  Munro 

189X 

xi 

50 

Overhead 

x«eecls        ...        ...        ... 

Thomson-Houston 

1891 

4 

aoo 

Overhead 

St.  Peter  Port  (Guernsey) 

Siemens  Bros.     ... 

1892 

If 

200 

Overhead 

WalsaU,     Wednesbury,) 
Darlaston  (S.  Staff.)  . 

Electric  Construe-  1 
tion  Corporation  ) 

1892 

7J 

380 

Overhead 

Douglas — Grondle  Glen  > 
(I.  of  Man)      \ 

Hopkinson 

1893 

6* 

x6co 

Third  rail 

Hopkinson 

1893 

A 

zoo 

Overhead 

♦  In  a  paper  on  "  Electric  Street  Tramways,"  read  at  the  Annual  Meeting 
of  the  Incorporated  Association  of  Municipal  and  County  Engineers  held  in 
London  21st  to  23rd  June,  1894. 
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Coontxy  and  Town. 


Lichterfeld  (near  Berlin) 
Frankfort— OlBFenbach .. 

Halle        ... 

Oera  ... 
Bremen 

Hanover 

Breslau  

Dresden 

Remschied  

Barmen 

£ssen  ... 


Mddling-Vienna 
Buda  Pesth 
Buda  Pesth 
Lemberg  ... 
Baden -Yoslau    . 


Liftge-Herstal    ... 


Bilbao       ...        ... 

C  lermont-Ferrand 

Marseilles 

Paris— 
Madeleine-Saint- Denis 
Op6ra -  Saint- Denis 

o2UCuO  •••  •••  ••■ 

Bordeaux— Bouscat 

Florence- Fiesole 

Genoa       ... 

Rome 

Milan        

Vevey-Montreuse 
Sirrch-Gelterkinden    .., 
Grfttsch-MOrren 

Orbe-Chavomay 

Stansstad-Staus 


SjYtem. 


GERMANY. 
Siemens  &  Halske 
Siemens  &  Ualske 

Sprapie    ...        ... 

Spra^e    

Tnomson  -  H  ouston 
Siemens  ti  Halske 

Sprague    

Siemens  h.  Halske 
1  homson-Houston 
Siemens  &  Haltke 
Spragnf    

AUSTRIA- HUN 
Siemens  &  Halske 
Siemens  &  Halske 
Siemens  &  Halske 
Siemens  &  Halske 
Schuckert 

BFXGIUM. 


iConipagnie  Inter 
J    natiG 


•  ••• 


.    nationale  d'Elcc 
\    tricit6 

SPAIN. 
Thomson-Houston 


Thury 
Oerlikon 


FRANCE. 


de 
I'Industrie  Elec-  } 
(     trique,de  Genfcve  ) 
Thomson-Houston 


t  Compag^ie    jle     ) 


{ 


ITALY. 
Spragiic  and      ) 
Thomson-Houston  S 
Siemens  &  Halske 
Cattori 
Thomson-Houston 

RUSSIA. 
Sprague    ... 

SWITZERL 


Oerlikon 

Oerlikon 

("Compagnie     de    ") 

\    rindustrie  Elec-> 

(.  trique.deGendve^ 

Do. 

Totals  ... 


S 
o  . 


i88x 
X884 
189X 
x89a 
1892 
1892 

i8g3 
X893 

i8gj 
1893 
1893 
1893 

GARY 

1883 

1889 

1893 
X893 


1893 


1891 

1890 
1892 

1892 
1893 

2892 
X893 


1890 

189s 
1893 
1893 

1892 

AND. 

1887 
1891 
1891 

1893 
X893 


a 


08 


8| 


^1 


t) 


3} 


4l 

1 


6i 

2 

X 
I94i 


II 


60 

x6o 
350 

5«5 

450 

t^ 

270 

J30 
400 
400 


195 
900 

400 
60 


X20 
280 

375 

500 
300 

250 

300 
130 
300 

X20 

600 

40 

X5O 

X30 

40 

X4579 


Method  of 
transmission. 


Overhead 
Overhead 

Overhead 

Overhead 
0\'erhead 
Overhead 
Overhead 
Overhead 
Overhead 
Overhead 
Overiiead 


Overhead 

J  Conduit 
Overhead 
Overhead 
Overhead 


Overhead 


Overhead 

Overhead 
Overhead 

CAccnmn- 
(.    lators. 

Overhead 

Overixead 


Overhead 

Overhead 
Overhead 
Overhead 


Overhead 

Overhead 
Overhead 
Oves^ead 

Overhead 

Overhead 
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ABERDEEN  District  tramways: 
capital,  receipts,   and  worlang 
expenditure,  97 ;  Livesey's  system 
of  way,  226 
Accmnmators  for  electric  tramways, 

563 

Acts  of  Parliament,  table  of,  author- 
ising construction  of  tramways,  23  ; 
Liverpool,  17 ;  Tramways  Act  of 
1870,  665 ;  Acts  relating  to  Scot- 
land and  Ireland,  708 

Air,  compressed,  locomotives  :  Beau- 
mont's, 523 ;  Hughes  and  Lancas- 
ter's, 524;  M6karski's,  519  ;  Scott- 
MoncrierP,  522 

Aldred-Spielmann  rail,  130-132  ;  cost 
of;  131 ;  system  of  way,  341,  342  ; 
use  and  cost  of,  per  mile,  London 
tramways,    130,   131 ;    merits    of, 

342 
Alford  and  Sutton,  steam  tramways 

at,  278 

America,  tramways  in,  329;  their 
mileage  length,  730 ;  electric  trac- 
tion on,  565 ;  their  introduction 
into  Europe,  732 

.\mmoniacal-gas  car,  413 

Antwerp,  tramways  at,  305 

Ashes,  their  use  for  pavement,  1 16 

Asphalte,  failure  of  as  a  pavement  for 
tramways,  114;  use  of,  on  Vale  of 
Clyde  tramway,  200 

Aspinall,  A.  F.,  design  of  tramways 
at  Horwich,  292  ;  cost  of,  292  ; 
shunting  engines  by,  476 

Axle-boxes,  355,  363,  374 


BAH  I A  tramway-s,  Cockbum- 
Muir's  Iron  way  at,  320 

Baldwin  locomotive  works,  steam-car 
constructed  at,  432  ;  cost  of  run- 
ning it,  433  ;  locomotive  by,  4J3 

Barcelona  tramway,  Merryweather's 
locomotive  on,  440,  442 

Barker's  system  of  iron  way,  340; 
where  applied,  246,  251;  at  Leeds, 
251  ;  at  Manchester,  246 ;  cost  of, 
2 JO ;  merits  of,  340,  343 

Barker's  system  on  South  London 
tramways,  139 

Barker's  rail,  244 

Battersea,  Mealdns'  way  at,  135 

Baxter's  steam-car,  417 

Bearings,  comparison  of  systems  of, 

352 
Bearing-springs  for  cars,    365,   374, 

383 
Beaumont's  compressed-air  car,  523 

BMe  and  Co.'s  not-water  steam-car, 

430 
Belfast    Harbour    tramway:    Lizar's 

way,  287 ;    Salmond's  way,   288 ; 

cost,  290 
Belfast    tramways,    construction    of, 

120 ;    rails    and    fastenings,    121, 

162 
Beloe,  C.  H.,  line  of  Barker's  way  at 

Wailasey,     251  ;    cost     of,    251  ; 

Southport  tramways  designed  by, 

201  ;  Wirral  tramway  by,  204 
Beresford  Hope,   Mr.,   evidence  on 

New  York  and  London  tramway 

systems,  6,  14 
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Berlin,  electric  traction  on  railways 
at,  566 

Bessbrook  and  Newry  tramway  : 
wheels  used  on,  396  ;  cars  on,  568, 
569;  section  of  cars,  569;  brake  used 
o^>  570  ;  generating  machineiy  of, 
570;  dynamos  for,  571;  methods 
of  connecting  cars  and  transmission 
of  currents,  574 ;  construction  of, 
568 ;  Edison-Hopkinson  dynamo 
for  locomotive  car,  573 ;  motor 
power  of  and  position  on  cars,  573  ; 
cost  and  working  expenses,  574, 
575 ;  traffic.  578 

Birkenhead,  George  F.  Train's  tram- 
way at,  13  ;  Wirral  tramway,  204 

Birmmgham,  Edge's  system  at,  294  ; 
steam  traction  on,  cost  of,  78 ; 
Ritson's  engines  at,  cost  of,  471 

Birmingham  cable  tramways,  543 

Birmingham  Central  tramwa)*^,  capi- 
tal, receipts,  and  working  expendi- 
ture, 78  ;  comparison  of  expense  of 
four  systems  of  haulage,  84 ;  mile- 
age and  passengers,  78;  cars  used 
on,  371 

Birmingham  electric  tramways,  578 

Blackpool  electric  tramway,  traffic 
on,  j8o;  property,  receipts  and 
working  expenditure  of,  100 ;  con- 
struction 01,  578,  579 

Board  of  Trade  rules  as  to  pro\isional 
orders,  673  ;  forms  of  byelaws  and 
regulations,  694 

Bogies  on  steam-cars,  374  ;  Fairlie*s 
double  bogie  steam-carriage  by 
Brown,  482  ;  by  Rowan,  488 

Boston  (U.S.),  cast-iron  tram-rails  at, 

7.8 
Brakes  of  tram-cars,  356,  357,  358, 

366,  370,  374 ;  steam  on  Ran- 
some's  steam-car,  435  ;  on  Merry- 
weather's  engine,  4ii8  ;  for  electric 
tram-cars,  Bessbrook  and  Newry 
line,  570;  City  and  South  London 
electric  railway,  592 ;  Liverpool 
Overhead  railway,  607 

Brevoort,  H.  L.,  test  of  tireless  loco- 
motives by,  416 

Bristol  tramways,  construction  of, 
230.  231  ;  cost  of,  233,  240 ; 
Hughes's  engines,  462  ;  Kincaid's 
system  of  way,  230,  231,  341 ;  re- 
construction of,  78 


Brixton  (London)  cable  tramway,  554 
Brompton,  West,  trial  of  Grantham's 

steam-car  at,  419 
Broomielaw  Quay,    Glasgow,  Ran- 
some,  Deas,  and  Rapier's  way,  280 
Brown,  A.,  steam-car  by,  482 
Bruce,  Sir  George  B.,  Buenos  A3rres 

Grand  National  tramways  by,  328 
Brunswick,  Edge's  system  at,  295 
Brunton's  system  of  way,  Oxford,  266 
Brussels,  tramways  in,  305  ;  sections 
of  rails,  306 ;  cost,  308  ;   working 
expenditure,  308  ;  Lofhis  Perkins's 
condensing  locomotive,  423 
Bucharest  tramways,  Kerr's  system 

of  way,  278 
Buel,  R.  H.,  test  of  locomotives  by, 

416 
Buenos  Apes  tramwa)^,  system  of, 
1 1 ;  a  city  of  tramways,  318  ;  Cock- 
bum-Muir's  system,  318 ;  merits  of, 
321  ;  Livesey  s  system,  315,  318; 
quantities  and  costs  of,  317  ;  tram- 
ways by  Wood,  326 ;  sections  of 
I  ails  and  fastening,  326  ;  quantities 
and  cost  of,  ^27  ;  tramways  by  Sir 
G.  Bruce,  328 
Bum,  Charles,  inventor  of  the  girder 
rail,  330  ;  on  the  introduction  of 
American  street  tramways  into 
Europe,  732 
Bury  tramways,  length  of,  52 
Byelaws,  power  to  make,  671 ;  forms 
of,  issued  by  Board  of  Trade :  for 
local  authority,  694 ;  for  a  company, 
696  ;  with  respect  to  steam-power, 
699 ;  with  respect  to  electnc  trac- 
tion, 702 


CABLE  traction,  525 ;  life  of  cables, 
529 ;   methods  of  construction, 

5*5»  532.  543.  562;  cost,  541; 
developments  in  contemplation,  542, 
556 ;  machinery  and  engines,  527, 

54».  545»  546,  553»  555  ;  sections  of 
pulleys,  544,  545 ;  speed,  532 

Cable  tramways,  Birmingham,  543 ; 
Brixton,  553;  Edinburgh,  533; 
liighgate  Hill,  532;  Matlock, 
552  ;  San  Francisco,  525,  527 

Cameron,  A.  !•  I^m  Meakins*  way 
by,  for  South  London  tramways, 

135 


J 
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Canada,  system  of  way  in,  146 

Canartio  and  East  New  York,  fireless 
locomotive  used  at,  415 

Capital  invested  in   tramways.     See 
Cost,  Receipts,  etc. 

Carl,   M.,  modification  of   Francq's 
fireless  locomotive,  5 10 

Capital,  receipts,  and  expenditure  of 
tramways  :  Aberdeen,  97  —  99  ; 
Bessbrook  &  Newry  (electric),  574, 
575;  Birmingham  Central,  78 — 85  ; 
(for  cable  power),  82  ;  Blackpool, 
100,  loi  ;  City  and  Suburban  Elec- 
tric Railway,  594 — 597 ;  Edinburgh, 
91—96;  Florence  &  Fiesole  Elec- 
tric Railway,  603  ;  Glasgow  Tram- 
ways (electric),  86 — 90;  Guernsey 
Tramway,  583 ;  Liverpool  Over- 
head Railway,  614  ;  London  Street 
Tramways,  67 — 72  ;  London  Tram- 
ways, 60 — 66  ;  North  Metropolitan, 
52 — 59  ;  South  London,  73 — 77 

Cars:  number  employed,  25,  50,  51  ; 
cost,  54,  357,  367 ;  construction 
<^^i  355  >  advantages  of  small  and 
large,  discussed,  358 ;  bearing 
springs,  365,  374,  383  ;  car  wheels, 
355.  388,  393  ;  bogies,  374  ;  bogie- 
double  car,  482,  488,  489  ;  dummy 
cars  for  cable  traction,  528,  536, 
553.  554  ;  section  of,  530 ;  original, 
354 ;  Martineau's,  dead  weight  of, 
357;  French  tram-cars,  378;  Eade's 
reversible  car,  381  ;  Falcon  Com- 
pany's, for  Birmingham  Central 
tramways,  371  ;  inside  and  outside, 
by  Metropolitan  Railway  Carriage 
and  Wagon  Company,  366 

Cars  for  electric  tramways :  con- 
nection of  currents  with  wheels  of, 
558,  559i  573.  579,  601,  603;  con- 
nection of,  with  switches  and 
motor,  563,  579,  581  ;  section  of, 
on  Bessbrook  and  Newry  tram- 
ways, 568,  569,  570;  Liverpool 
Overhead  railway,  606 

Cars,  London  tramways,  mainte- 
nance and  work  of,  60-66  ;  London 
Street  tramways,  68-72 ;  number 
of,  27 

Cars,  North  Metropolitan,  mamte- 
nance  of,  56  ;  number  of,  and  miles 
nin  by,  54,  58 

Cars,  North  Metropolitan  Tramway, 


54  ;  inside  car  by  the  Starbuck  Car 
and  Wagon  Company,  369  ;  radial 
axle  by  James  Cleminson,  376 

Cars,  life  of,  in  America,  357 

Cars,  miles  run  by,  25 ;  London 
Tramways,  58  ;  North  Metropoli- 
tan, 55  ;  London  Street  tramways, 
68  ;  South  London  tramways,  74, 
77  ;  Birmingham,  78,  84  ;  Glasgow 
Corporation  tramways,  87  ;  Edin- 
burgh, 93  ;  Blackpool,  100,  578 

Cars,  starting-gear  tor,  402  ;  by  Mr. 
H.  P.  Holt,  404 

Cassel  tramway,  312;  Merrywea- 
ther's  locomotives,  443 

Chicago,  cable  tramway  at,  527 

Church,  A.  G.,  on  omnibus  and  tram- 
way horses,  105 

Cincinnati  tramway,  steam-car  on, 
409 

City  and  South  London  electric 
railway  :  construction,  585  ;  posi- 
tion of  sleepers  and  method,  585 ; 
gradients,  585 ;  section  of,  586, 
587 ;  engines  for  generating  cur- 
rents, 586,  587  ;  switches,  system 
of,  588  ;  feeders  for,  588  ;  cables, 
588 ;  motors  and  locomotives  in 
use,  590,  591,  592,  593;  Mr. 
Greathead*s  modification  of  West- 
inghouse  brake,  592 ;  efficiency 
of  system,  593  ;  consumption  of 
electricity,  593 ;  cost  and  work- 
ing expenses,  397,  594 

Cleminson,  Tames,  radial-axle  pas- 
senger car  by,  376 

Cockbum-Muir's  iron  way,  318,  344  ; 
at  Bahia,  320;  at  Buenos  Ayres, 
320;  at  Lima,  321 ;  at  Montevideo, 
320,  321  ;  at  Vienna  and  Palermo, 
320 ;  merits  of  rails,  32 1  ;  span  of 
bearings,  351  ;  steel  rail,  321,  322; 
test  of  steel  and  iron  rail,  344 ;  tests 
of  rails  for  transverse  strength  by 
Mr.  Kirkaldy,  321 

CockerelPs  hot-water  locomotive,  504 

Colam,  W.  N.,   cable   tramway  by, 
at  Buxton,  556 ;  Edinburgh,  533 ; 
Matlock,  553 
Colebrookedale  Iron  Company,  cast- 
iron  tram-rails  laid  by,  3 
Compagnie   G^n6rale  des    Omnibus, 

tram-omnibus  by,  379 
Compressed-air  cars  and  locomotives, 


/ 


/ 


/ 


/ 
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514;  data,  515;  Beaumont,  523; 
Hughes  and  Lancaster,  524;  M6- 
karski,  519;  Scott-Moncrief,  522 

Compressed-gas  motor,  655 

Comrie,  J.  S.,  on  Connelly  ott  motor, 

653 

Coney  Island  railroad,  trial  of  Ran- 
som car  on,  436 

Connelly  oil  motor  at  Greenwich  and 
Croydon,  651 

Conradi,  H.,  on  tractional  resistance, 
406,  407  ;  design  of  rail-cleaner  by, 
406  ;  test  of  Hughes's  locomotive 
at  Lille,  465 

Constantinople  tramways  in  con- 
struction, 309;  cost,  310 

Construction  of  tramM'ays,  general 
conclusions  on,  340 ;  regulations 
for,  under  Tramways  Act,  669,  673 

Continental  electric  railways,  598 ; 
working  cost  and  performance,  599 

Copenhagen  :  A.  Kohl's  locomotive, 
440 ;  Smith  and  Myjind's  locomo- 
tive, 430 

Cost,  construction  : — Aberdeen  (Live- 
sey),  226;  Belfast  Harbour  (Sal- 
mond),  290;  Bristol  (Kincaid), 
233,  240 ;  Brussels,  308  ;  Constan- 
tinople, 310;  Dewsbury,  Batley, 
and  Birstal  (Kincaid),  230  ;  (Trus- 
well),  274 ;  Dublin,  164,  165 ; 
Dundee,  212 — 214  ;  Edinburgh 
(Macrae),  220 — 224  ;  Glasgow  Har- 
bour (Ransome,  Deas,  and  Rapier), 
281,  284,  286;  Glasgow  Corpora- 
tion, 86,  181—183,  190 — '94; 
Leicester  (Kincaid),  234 ;  Liver- 
pool (Deacon),  158— lOo;  London 
Tramways,  60,  1 1  j  ;  Manchester 
(Barker),  251  ;  Pans,  299;  Salford 
(Kincaid),  238,  243  ;  Southport 
(Beloe),  202,  203  ;  Wirral  (Beloe), 
205  :  Livesey's  grooved  rail,  317; 
Cockbum-Muir's  iron  M^ay,  320 

Cost,  receipts,  and  expenditure  of 
tramways  :  capital,  cost,  receipts, 
and  expenses  of  tramways  in  Umted 
Kingdom  (1878— 1890),  27;  sup- 
plementary for  I 89 I — 1893,  728 ; 
capital  exi>enditure  of  all  tramways 
in  United  Kingdom  (1890),  28—37  ; 
receipts,  working  expenses,  and 
stock  of  all  tramways  in  United 
Kingdom  (1890),  38 — 47  ;  working 


I 


expenditure  on  tramwa)'s  of  United 
Kingdom  (1880  and  1890),  48; 
supplementary  for  1893,  729 

Cost,  steam  versus  horse-power,  com- 
parison of,  453,  454,  490,  491 ; 
electric  versus  steam-power,  com- 
parison of,  604 

Crescent-rail  on  Brussels  tramways, 

307 

Crossings,  663 ;  Bristol,  231 ;  Dun- 
dee, 209  ;  Edinburgh,  219;  Glas- 
gow, 170, 180;  Guinness's  Breweiy, 
291  ;  Liverpool,  144,  145,  147 ; 
Salford,  237  ;  Vale  of  Clyde,  199 

Croydon,  Connelly  oil  motor  at,  651 

Curry,  Matthew,  on  the  Lisbon  steam 
tramway,  314 

Curves,  construction  of,  Belfast  Har- 
bour tramways,  2^9 

DE  FERAL,  system  of  way,  Mann- 
heim and  Ludwigshafen,  324 

Deacon,  George  F.,  Liverpool  tram- 
ways by,  143,  144 ;  merits  of  the 
s>'stem,  147,  340;  cost  of,  147, 
149 

Deas,  James,  his  report  on  the  cast- 
iron  tramway  at  Glasgow  Harbour, 
282  ;  design  of  steel  rail  tramway, 
284 

Dewsburj',  Birstal,  and  Batley  tram- 
ways, construction,  229;  cost  of, 
230;  Gomersal  extension,  Trus- 
well's  way  for,  272;  cost  of,  274; 
Merryweather's  engine  on,  446; 
cost  and  working  expenses  of,  452  ; 
cost  of  steam  and  horse-power  on, 
compared,  453,  454 

Dick,  Kerr,  and  Co.,  lessees  of  Edin- 
burgh tramways  for  cable  traction, 
542  ;  girder  rails  by,  332,  336 

Dickinson,  Mr.,  system  of  flangeless 
wheels,  397 ;  system  of  electric  trac- 
tion, 628 

Disc- wheel,  construction  of,  for  cars, 

389 
Discontinuance  of  tramways,  670 

Dixon,  J.,  Meakins'  way  by,  135 

Dock  tramways,  s}'stem  for  con- 
struction of,  161.  See  Glasgow 
Harbour  Tramways,  Belfast 
Harbour  Tramways. 

Dowson's  iron  way,  254 

Dublin  tramways,  construction,  162; 
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cost,  164,  165  ;  length  of,  52 ;  cars 
used  on,  363 

Dublin  and  Lucan  tramways,  Perrett's 
steam-car  used  on,  480,  482 

Dudley  and  Stourbridge  steam  tram- 
ways, ruling  gradients  of,  471  ; 
Kitson  and  Co.'s  locomotives  on, 
471 ;  cost  of  engines  on,  471 

Dugdale's  system  of  way,  261,  340; 
Huddersfield,  261,  264 

Dundee  street  tramways,  system  of, 
207;  construction  of,  207,  210 ; 
gracUents,  208;  cost,  210,  212, 
214;  test  of  Gowan's  rail  for,  330 

Dunscombe,  Mr.  Deacon's  system  as 
laid  at  Liverpool  by,  148 ;  report  of, 
on  Liverpool  tramways,  148,  150 ; 
system  of,  for  suburban  lines  of 
Liverpool,  160 

Dynamos  for  electric  traction,  558 ; 
Bessbrook  and  Newry  line,  571  ; 
Siemens's,  for  Guernsey  line,  581  ; 
Elwell-Parker,  on  Liverpool  Over- 
head railway,  608  ;  Edison's,  on 
Neversink  Mountain  railroad,  646 

EADE'S  reversible  car,  381 
Edge,  C.  A.,  his  system  of  way, 
293  ;  at  Brunswick,  295 

Edinburgh  Street  tramways :  con- 
struction of,  215;  construction  of 
Portobello  branch,  216;  cost  of, 
217,  219;  cost  and  working  ex- 
penses, 91  ;  gradients  and  curves, 
2i6;  Gowan's  rail,  330;  purchase 
of,  by  Corporation  of,  542  ;  renewal 
of,  223 

Edinburgh  (Northern)  cable  tram- 
ways, construction  of,  532 

Edison's  compound  dynamo  for 
Neversink  Mountain  railroad,  646 

Electric  railways :  Berlin  and  Paris, 
566 ;  City  and  South  London,  585  ; 
Continental,  598  ;  Florence  and 
Fiesole,  600 ;  Liverpool  Overhead, 
605  ;  Lichterfelde,  598,  599 ;  Mod- 
ling,  598 ;  Montreux,  598  ;  Pesth, 
598.  And  see  Electric  Tram- 
ways 

Electric  traction :  historical  notice, 
558,  566;  galvanic  DOwer,  558; 
dynamos  used  for,  558 ;  connexion 
of  motor  with  wheels  of  car,  558, 
559 ;    methods  of  transmission  of 


currents,  559,  560;  feed  wire,  its 
uses,  561 ;  troUy  stands  for,  561, 
562  ;  overhead  connexion  for  trans- 
mission of  current,  section  of,  563  ; 
switches  for,  connexion  of  cai's 
with,  563  ;  storage  batteries,  563 ; 
accumulation  of  power,  methods 
of,  563  ;  electrical  terms  and  units, 
563 ;  development  of,  in  America 
and  on  the  Continent,  563  ;  Dr. 
Werner  Siemens's  apphcation  of 
to  railways,  566;  at  Berlin,  566; 
at  Paris,  566;  gauge  and  con- 
struction of,  566,  567 ;  Portrush 
and  Giants'  Causeway,  tramway  at, 
567  ;  rails  on,  567  ;  Ryde  Pier, 
567  ;  distribution  of  electric  power 
on  Bessbrook  and  Newry  Une,  576 
— 578  J  generating  engines  for  City 
and  South  London  Railway,  586, 
587 ;  absorption  of  electrical  force 
for  efficiency  on  Liveipool  Overhead 
railway,  611,  and  on  Citv  and  South 
London,  593 ;  distribution  of  elec- 
trical power  on  Neversink  Mountain 
railroad,  643,  644 ;  form  of  byelaws 
issued  by  Board  of  Trade,  691 
Electric  traction,  cost  of:  at  Bess- 
brook and  Newry,  574 — 577  ;  Bir- 
mingham, 83  ;  Blackpool,  580 ; 
Continental  fines,  603  ;  Guernsey, 
583 ;  Liverpool  Overhead  railway, 

614  ;  City  and  South  London  rail- 
way, 596, 597 ;  electric  power  z-tfrjwj 
steam  power,  cost  ol,  compared, 
604  ;  dectric  traction  and  hoi-se 
traction,  cost  of,  in  Germany  com- 
pared, 735 

Electric    tramwa)rs  at    Berlin,  266 
Barking,  59;  Bessbrook  and  Newiy 
567  ;  Bii-mingham,  78,  578  ;  BlacK 
pool,     100,     578  ;     Bristol,     78 
Guernsey,  581  ;  Leeds  (Roundhay) 

615  ;  Paris,  266 ;  Portrush  and 
Giants'  Causeway,  567  ;  Ryde  Pier, 
567 ;  South  Staffordshire,  623, 634 ; 
list  of,  in  United  Kingdom,  565  ; 
list  of,  in  European  countries,  64 1 . 
And  see  Elkctric  Railways 

Elwell-Parker  dvnamos,  608 


FAIRLIE,  R.  F.,  his  double  bogie 
steam-carriage,  482,  488,  489 
Falcon   Engine   and  Car  Company, 
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manufacture  of  tramway   locomo- 
tives by,  407  ;  wheels  of  steam  cars 

by,  371,  375 
Fastenings  for  rails  and  sleepers,  Lar- 

sen's,  118,  162 ;  Liverpool,  156,  157; 

Hopkins's  improvements  in  methods 

of,  162 

Feed-wire,  its  methods  of  use  in 
electric  traction,  561,  588 

Fireless  locomotives,  502.  See  also 
Hot-water  Locomotives 

Flangeless  wheel  cars,  393 

Florence  and  Fiesole  electrical  rail- 
way, 600 ;  cost  of  construction,  603  ; 
working  expenses,  603 

Ployd,  T.,  Kerr's  way  by,  for  Wool- 
wich and  Plumstead  tramways, 
277  ;  cost  of,  277 

Ford,  H.  W.,  report  on  Cockbum- 
Muir's  way  at  Buenos  AjTes,  321 

Fowler,  A.  M.,  design  of  Salford 
Corporation  tramways,  235  ;  New- 
castle-upon-Tyne, 240 

Fox,  Sir  Douglas,  La  Plata  tram- 
ways by,  329 

Francq,  M.  Leon,  Versailles  tramway 
^Yj  302 ;  tram-cars  by,  378  ;  hot- 
water  locomotives  by,  509  ;  cost  of 
working,  511 

Franc<j  and  Mesnard's  fireless  loco- 
motive, 512 

French  tram-cars,  378 

GAL\'ANIC  power,  its  application 
to  tramways,  558 

Gas  motor,  655 

(ias-motors  for  tramways,  A.  Kemper 
on,  738 

Gauge :  Alfordand  Sutton  steam  tram- 
way, 278  ;  maintenance,  methods, 
and  importance  of,  348;  Kincaid's 
system  of  keeping  to,  348 ;  Bahia, 
320  ;  Belfast,  120  ;  Berlin  (electric) 
566  ;  Birkenhead,  1 3  ;  Birmingham 
(cable),  550;  Bristol,  231 ;  Bnxton 
(cable),  553  ;  Brussels,  305  ;  Buenos 
A)Tes,  315, 329  ;  Dublin  (Guinness's 
Brewery),  291  ;  Dundee,  207  ;  Edin- 
burgh, 215,  and  (cable),  533  ;  early 
timber  tramways,  2  ;  Highgate 
(cable),  532  ;  Horwich  (locomotive 
works),  292  ;  Huddersfield,  261  ; 
Hull,  230  ;  Ireland,  standard  gauge 
in,  291  ;   Glasgow,  167,  175,  188  ; 


Leeds,  116,  231;  Leipzig,  312; 
Liege,  305 ;  Lisbon,  313 ;  Liver- 
pool, 18,  20;  London,  iii,  114, 
135 ;  Madras,  254 ;  Manchester, 
249 ;  Matlock  (cable),  553  ;  Monte 
Video,  320;  Moscow,  311  ;  New- 
castle-upon-Tyne, 257  ;  Notting- 
ham, 256 ;  Parib,  296,  299;  Phila- 
delphia, 9  ;  Portnish  and  Giant's 
Causeway  (electric),  567 ;  railway 
gauge  required  by  Act  of  Parlia- 
ment, 18;  Salford,  234;  Sheffield, 
230,  231  ;  Southampton,  258 ; 
Southport,  201 ;  Staffordslure, 
North,  269 ;  Stockton-on-Tees,  244; 
Tottenham  (Vignoles),  269 ;  United 
States,  II;  Vale  of  Clyde,  168; 
Wellington,  314;  Woomich  and 
Plumstead,  277  ;  Wirral,  204 

Graune,  M.,  performance  and  cost  of 
Francq's  engine  on  the  Rueil- 
Marly  tramway,  510,  511 

Geneva,  tramways  at,  304 

Geoghegan,  locomotive  by,  473 

Germany,  cost  of  horse  traction  and 
electric  traction  in,  compared,  735 

Ghent,  tramways  in,  305,  306 

Girder  rails:  invented  by  C.  Bum, 
330  ;  patents  of  A.  Legrand  and  J. 
Gowans,  330 ;  weights  and  dimen- 
sions in  use,  332  ;  tests  of,  335 ; 
sections  of,  336,  337  ;  Kincaira's 
type  of,  338  ;  and  see  Rails 

Glasgow  Corporation  tramwa}'s :  Act 
for,  166;  first  system  of  construc- 
tion, 166;  gauge  of  way,  167 ;  length 
of,  52,  86,  193 ;  cost  of  construc- 
tion of  first  contract,  171;  second 
system  of  construction,  175,  351  ; 
Johnstone  and  Rankines*  way,  175, 
184 ;  merits  of  the  way,  340,  351 ; 
cost  of,  190,  192,  194  ;  economy  of 
second  s^'stem,  181 ;  cost  and  work- 
ing expenditure,  86,  90 ;  compara- 
tive wear  of  iron  rails  and  steel  rails, 
184 

Glasgow  Corporation  gas  works,  tram- 
way at,  283 

Glasgow  harbour,  tramway  at,  280; 
construction,  281  ;  cost,  281 

Glasgow  Tramway  and  Omnibus  Com- 
pany, 86,  166 

Glass  sleepers,  trial  of,  on  North 
Metropohtan  Tramway's,  124 
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Gomersal  extension  tramway,  274 

Goschler,  Mr.,  cost  of  his  tramway  at 
Paris,  299;  Constantinople,  310 

Gowans'  system  of  way,  132  ;  girder 
rail,  132,  133;  tests  of,  133;  at 
Dundee,  133,  212  ;  London,  133  ; 
Manchester,  133  ;  cost  of,  in  Lon- 
don, 132 ;  merits  of,  342 

Grradients:  Bristol,  231  ;  Edinburgh 
Cable  Tramway,  533  ;  Edinburgh 
Street  Tramway,  effect  of,  on  horses, 
91 ;  City  and  Suburban  (London) 
Electric  Railway,  585 ;  Dundee, 
208;  Edinburgh,  216;  Highgate 
Hill  Cable  Tramway,  532  ;  llsbon, 
313;  London,  117;  Matlock  Cable, 
553  ;  Rouen,  444  ;  San  Francisco, 
528  ;  Stoke-on-Trent,  454  ;  Wan- 
tage, 419  ;  influence  of,  on  mecha- 
nical propulsion,  494 

Grantham,  John,  steam  cars  by, 
418,  421  ;  cost  of  working,  420 — 
423  ;  Wantage  Tramways,  419 

Great  Eastern  Railway  tramway  in 
London  goods  yard,  280 

Greathead,  Mr.,  his  modified  West- 
inghouse  brake,  592 

Greenwich,  Connelly  oil  motor  at, 
651 

Greenwood,  Mr.,  on  compressed  air 
locomotives,  524 

Grice  and  Long,  steam  car  by,  409 

Gripper,  description  of,  as  applied  to 
cable  traction,  526,  528,  537,  552, 
557 ;  sections  o^  531,  540,  552,  554, 

555 
Grover  and  Newton,  Kincaid*s  way 

by,  at  Stockton-on-Tees,  244 
Guernsey  tramway,  Merryweather's 
engines  on,  443 ;  electric  traction 
used  on,  580,  581  ;  dynamos  and 
cars  in  use,  581 ;  rails  by  Vignoles, 
582 ;  traffic  on,  583 ;  cost  and  work- 
ing expenses,  583 
Guinness's  Brewery  tramway  (Dublin), 
construction  and  section  of,  290 ; 
narrow  gauge,  cost  of,  292;  Geo- 
ghegan*s  locomotive,  473 


HALL,  Sir  Benjamin,  his  opposi- 
tion to  tramway  legislation,  12 
Hamburg  tramways.  Brown's  steam 
car  at,  487 


Hammond,  R.,  list  of  electrical  tram- 
ways in  Europe,  741 

Handyside,  289;  car-wheel,  391 

Harbour  tramways :  Ransome,  Deas, 
and  Rapier's  cast-iron  way,  280; 
Glasgow  Harbour,  cost  of,  201, 282  ; 
system  for  lighter  traffic,  282  ;  Bel- 
fast Harbour  tramway,  287 ;  Ligne's 
way,  287  ;  Salmon's  way,  288 

Haworth's  tramway  system  at  Sal  ford, 

Highgate-hill  cable  tramway,  532 

Holt,  Alfred,  flangeless  wheels  for 
wagons,  invented  by,  393 

Holt,  Henry  P.,  on  functional  resis- 
tance of  tram-cars,  398,  399  ;  design 
of  starting  sear  for  cars,  402;  on 
electrical  railways,  585 

Hopkins,  George,  engineer  for  tram- 
way in  Dublin,  162  ;  Liverpool,  17  ; 
London,  no,  123;  Vale  of  Clyde, 
169,  195  ;  pavement,  on  margin  of, 
for  tramways,  21 

Hopkinson,  Edward,  designs  of  Bess- 
brook  and  Newiy  Electric  Tram- 
ways, 568 

Horses,  life  of,  on  tramway  work,  52, 
54,  91,  404  ;  life  on  omnibus  work, 
104,  105  ;  number  of,  employed  for 
tramway  work,  25,  28 ;  injury  to, 
from  defective  pavement,  344 ;  pur- 
chase and  maintenance  of,  cost,  55, 

58,  70,  71,  76,  90,  91 

Horse-traction  and  electric-traction^ 
cost  of,  in  Germany,  compared,  735 

Horsing:  Edinburgh,  91;  London 
Tramways,  60 ;  London  Street 
Tramways,  67;  North  Metropoli- 
tan. 52,  54 

Horwich  locomotive  works  tramway, 
292 ;  Aspinall's  engines,  476 

Hot- water  locomotives  and  steam - 
cars :  Lamm's  ammoniacal-gas  car, 
413 ;  his  thermo-specific  engine, 
414;  B^de  and  Co.'s  hot-water 
steam-car,  430;  Buel's  report  on, 
416  ;  Cockerell's  locomotive,  504 ; 
Francq's  locomotive,  509;  Francq 
and  Mesnard's  locomotive,  512 ; 
Todd's  hot-water  steam-car,  412  ; 
data  for  hot-water  power,  502 

Hoylake  and  Birkenhead  tramways, 
trial  of  Grantham's  car  on,  422 

Huddersfield  Corporation  tramways. 
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Dugdale*s  system  for,  261  ;  recon- 
struction, 264 ;  test  of  girder-rail 
for,  335  ;  cost  of,  265 

Hughes,  Henry,  steam  locomotive 
by,  456  ;  trials  of,  on  tramways  at 
Leicester,  457  ;  Edinburgh,  458 ; 
Paris,  458 ;  Sheffield,  458  ;  Vale  of 
Clyde,  458 ;  Wantage,  458 ;  on 
functional  resistance  of  tram-cars, 
399 ;  Southern  Tramways  of  Paris, 
458  ;  working  cost,  461 ;  Bristol, 
462 ;  Lille,  463 

Hughes  and  Lancaster's  compressed- 
air  car,  524 

Hull  tramway,  Kincaid*s  system  on, 
230 

Huntingdon,  Mr.,  on  cost  of  tramway 
construction  in  London,  114 

INDIA-RUBBER,  bearing  springs 
of,  by  George  Spencer,  384,  385  ; 
tests  of,  by  Mr.  Kirkaldy,  385 
Ipswich  tramways,  Kerr's  way  for,  275 
Ireland,  standard  gauge  of  tramways 
in,  291  ;  Tramway  Acts  relating  to, 
708 
Iron  substructure  for  tramways.    See 
Ways 


J 


ACOB,  Mr.,  Kincaid's  way  by,  at 

Salford,  241 
Johnstone  and  Rankine's  way,  342, 
343;   advantages  of,  193,  345;   at 
Glasgow,  166,  175,  187 


KEMPER,  A.,  on  gas  motors  for 
tramways,  738 

Kerr's  system  of  way,  342,  343  ;  tram- 
ways by,  at  Ipswich,  275 ;  Wool- 
wich, 277  ;  second  system  of  way, 
278  ;  third  system  of  way  for 
Bucharest  and  Madrid  Tramways, 
278 

Kincaid's  iron  way,  as  patented,  112, 
116,  227,  341  ;  his  second  patent, 
230 ;  cost  of,  at  Bristol,  240 ;  gauge, 
his  system  of  keeping  to,  348  ;  sub- 
structure by,  351;  span  of  bearings, 
351 ;  steel  girder  rail  by,  338  ;  cost, 
339 ;  construction  of  tramway  at 
Bristol,  230,  236,  238 ;  Dewsbury, 
229;  Greenwich,  112;  Hull,  230; 
Leeds,   116,   229,  230;    Leicester, 


230,  233  ;  Salford,  234  ;  Sheffield, 
229  ;  Stockton-on-Tees,  244,  245 ; 
Newc&stle-upon-Tyne,  240 

Kirkaldy,  Da\id,  tests  of  tram  rails 
by,  321 ;  tests  of  india-rubber 
springs  by,  385 

Kitson  and  Co.,  patent  valve  gear  for 
tramway  locomotives,  468 ;  locomo- 
tive by,  468  ;  on  Dudley  and  Stour- 
bridge tramway,  471 

Kohl,  A.,  locomotive  by,  430 


LAMM,  Dr.  Emile,  ammoniacal- 
gas  car  by,  413;  hot-water 
locomotive  by,  414 

La  Plata  tramways,  329 

Larsen's  rail  and  fastening,  1 18 ; 
advantages  of,  applied  to  tramways, 
162,  345  ;  in  Belfast,  120,  162  ; 
Dublin,  162  ;  London  Street  Tram- 
ways, 119,  134 

Latta,  A.  B.,  steam-car,  409 

Lausanne  and  Echellens  railway, 
Brown's  steam-car  on,  482 

Lebout,  M.,  Constantinople  tram- 
ways designed  by,  309 

Leeds  electric  tramway.  See  Round- 
hay 

Leeds  tramways,  construction  of, 
Kincaid's  way,  229,  230 ;  Barker's 
way  at,  251  ;  resistance  to  traction 
on,  by  H.  P.  Holt,  398 

Legrand's  girder-rail,  330,  331 

Leicester  tramways,  construction, 
233 ;  cost,  234 ;  trial  of  Mr. 
Hughes's  locomotive  on,  457 

Leipzig  tramway,  3 1 1 

Length  of  tramways,  23,  24,  27,  48  ; 
England  and  Wales,  48  ;  London, 
48,  50 ;  table  showing  length  of 
lines  authorised  and  opened  by 
various  compMmies,  23 — 37 

Leytonstone  (North  Metropolitan) 
Extension  tramway.  Major  Beau- 
mont's compressed-air  car  on,  524  ; 
Page's  system  of  way  at,  125 

Lichterfelde  electric  railway,  598,  599 

Liege,  tramways  at,  305 

Light,  G.  L.,  cast-iron  tram-rall  by, 

7,  8,  350 
Lille,   tramways  at,  304 ;    Hughes's 

engine  at,  463  ;  cost  and  working 

expenditure  of  engines,  466 
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Xima    tramways,    Cockbum  -  Muir's 
steel   rails  for,   321  ;    strength  of, 
322 
Xisbon  tramways,  313;  locomotives 
on,  3 1  it;  abandoned,  314 

X.iverpool  Overhead  nalway,  605 ; 
cost,  614  ;  methods  of  transmission 
of  electric  currents,  610;  tests  for 
efficiency,  612  ;  motors,  606 ;  West- 
inghouse  brake  for  cars,  607 

Xiverpool  tramways,  16  ;  system,  16, 
2 1  ;  construction,  340  ;  Noble's 
crescent  rail,  16;  gradients,  21; 
reconstruction  of,  on  G.  F.  Deacon's 
system,  140;  cost,  158;  crossings 
and  points,  141  ;  Buncombe's  de- 
sign, for  tramways  in  suburbs  of, 
IM>;  cost,  160;  results,  161  ;  tests 
for  rail,  153;  tests  for  sleepers, 
155;  bolts  and  nuts,  156;  merits 
of,  340,  344 

Livesey*s  grooved  rail  tramway,  317; 
system  of  way,  Aberdeen,  226 ; 
iron  way,  12, 315  ;  at  Buenos  Ayres, 
with  steel  rails,  316;  his  system  of 
way  in  advance  of  his  time,  345 ; 
his  coupled  stools,  351  ;  his  span 
of  bearings,  351 

lizar's  system  of  tramways  at  Belfast 
harbour,  287 

Local  authority,  power  to  purchase 
tramways,  670  ;  judgment  of  House 
of  Lords  as  to  terms  of  purchase, 
710;  byelaws  for  tramway  worked 
by,  684 

Locomotives.  See  Steam  Locomo- 
tives, Compressed-air  Loco- 
motives, FiRELESs  Locomo- 
tives, Hot- WATER  Locomotives 

London  tramway  movement  as  re- 
vived, 1865,  14 

London  General  Omnibus  Company  : 
capital,  cost,  and  working  expendi- 
ture, 102  ;  charge  for  horse-hire, 
52,  60,  67  ;  damage  to  omnibuses 
by  imperfect  way,  344 

London  Tramways:  Acts  obtained, 
22;  length  of,  22,  48,  50,  51; 
cost  of,  51,  114 — 116,  131  ;  con- 
struction of,  22,  60,  1 10,  113; 
general  cost  and  working  expendi- 
ture, 60,  64,  68;  inclines  and 
curves,  117;  renewal  of  cars,  65  ; 
renewal     of   way,    66 ;     Aldred- 


Spielmann's  way  for,  130 ;  Gowan's 
girder  rail  on,  133;  reconstruction 
and  cost  of,  on  Growan's  system,  130, 
124 
London  Street  Tramways  :  Acts  ob- 
tained for,  21  ;  length  of,  22,  67 ; 
mileage  receipts  and  passengers  on, 
67,  68,  69;  cost  of,  70;  mainte- 
nance of  cars,  7 1 ;  maintenance  of 
way,  71 ;  construction  of,  72,  119  ; 
Larsen's  fastening  for,  119,  134; 
reconstruction  of,  with  girder  rail, 

'34 
London     Street    tramways,    inclines 

and  curves  on,  117 

Lords,  House  of,  judgment  as  to 
terms  of  purchase  by  local  autho- 
rity, 710 

Loiibat,  M.,  tramway  by,  in  New 
York,  5  ;  in  Paris,  296 

Ludwigshafen  tramways,  De  Feral's 
way  for,  324 

Lynde,  J.  H.,  construction  of  Man- 
chester Corporation  tramways 
under,  246 


MACKIESON'S  system,  340 ;  at 
Dundee,  207,  212 

M'Nay  and  Co.,  Winby  and  Levick's 
way  by,  at  Nottingham,  255 

Macrae's  system  of  way,  342  ;  at  Edin- 
burgh, 215 

Madras  tramwa3rs,  254 

Madrid  tramways,  278  ;  Kerr's  way 
for,  279 

Manchester  Corporation  tramways. 
Barker's  system  of,  246 ;  construc- 
tion of,  256 ;  cost  of,  151  ;  Gowan's 
way  at,  133 

Mannheim  tramways,  De  Feral's  way 
for,  324 

Marks,  C,  cable  tramway  by,  at  Mat- 
lock, 553 

Martineau,  Mr.,  his  table  of  weights 
of  cars,  357 ;  on  the  advantage  of 
inside  cars,  358 

Matlock  cable  tramway,  552 

Meakins'  system  of  way,  135, 138, 342; 
Southwarkand  Battersea,  135 ;  cost 
of,  on  South  London  Tramway,  137, 

138 
Mechanical  power  on  tramwiys,  409  ; 

historical  sketch,  312;  elementary 
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datum,  398 ;  hot-water  locomotive, 
502 ;  compressed  air  locomotives, 
514;  locomotives  by  Merryweather 
and  Sons,  437,  J.38  ;  condensing 
locomotive  by  John  Perkins,  423  ; 
Bissell  bogie  steam  car  by  Edwaurd 
Perrett,  478 ;  double-bogie  steam 
car  by  A.  Brown,  482  ;  double-bogie 
steam  car  by  W.  R.  Rowan,  488  ; 
elementary  data,  resistance  to  trac- 
tion on  a  railway,  398  ;  tramway  lo- 
comotive, 406 ;  A.  P.  Holt's  experi- 
ence on  grooved  rails,  398, 400, 402  ; 
Mr.  Hughes's  experiments,  399 ; 
causes  of  resistance;  M.Deloudiant's 
experiments,  400 ;  Mr.  Tresca's  ex- 
periment, 400,  401 ;  Col.  Sytenko's 
experiment,  401  ;  Mr.  Wood's  esti- 
mate, 401  ;  Messrs.  Merryweather's 
conclusion,  402  ;  John  Phillip's  ex- 
periments in  starting  cars,  402  ;  £. 
Perrett' s  experiments,  404  ;  experi- 
ments on  Modling  (Vienna)  electric 
railway,  407,  408;  Mr.  Conradi's 
experience,  400,  407 ;  mechanical 
propulsion,  with  rules,  492 ;  adhe- 
sion, 494  ;  influence  of  gradients, 
494 ;  steam  consumed,  495  ;  pro- 
perties of  steam,  497, 498 ;  examples 
for  use  of  the  rules,  499 ;  data  for 
water  and  fuel,  501  ;  hot-water 
power,  502  ;  Cockerell's  hot-water 
engine,  with  results  and  experi- 
ments, 504  ;  compressed  air  power, 
514  ;  form  of  regulations  issued  by 
Board  of  Trade,  699 
M^karski's  compressed  air  car,  519 
Merryweather's    steam    locomotives, 

437  ;  three  classes  of,  438  ;  at  Paris, 

438  ;  at  Cassel,  Guernsey,  and  Wel- 
lington, N.Z.,  443 ;  at  Rouen,  444  ; 
at  Batley,  446  ;  at  Stoke-on-Trent, 
454;  performances  of,  438, 440,  442, 

445»499  .       «     ,        , 

Metropolis,  tramways  m,  48 ;  length, 

48,  50  ;  curves,  1 1 7 
Metropolitan  Railway  Carriage  and 
Waggon  Company,  inside  and  out- 
side passenger  car  by,   360 ;   car- 
wheels  by,  construction  of,  361,  368 
Metz,  De  Feral' s  way  at,  324 
Miller  and  Co.,  wheels  by,  389 
Mines  and  minerals  under  tramways, 
662 


I  Modling  (Vienna)  electric  railway, 
I  construction  of,  598 ;  experiment  on, 
for  resistance,  407,  408 

Monte  Video  tramway,  Cockbum- 
Muir's  steel  rails  for,  320,  321 ; 
quantities  and  cost  of,  320 

Montreux  electric  railway,  598 

Morris,  J.,  on  margin  of  pavement 
for  tramway,  2 1 

Moscow  tramway,  311 

Motor,  oil,  651  ;  compressed  gas,  655 

Motors,  connection  of^  with  car-wheds 
worked  by  electric  traction,  558; 
construction  of,  on  locomotive  of 
City  and  South  London  electric 
railway,  591 ;  Sprague,  on  Florence 
and  Fiesole  electric  railway,  602 
Liverpool  overhead  railway,  606 
Roundhay  (Leeds)  tramway,  618 
South  Staffordshire  tramway,  632 

Moscow,  Vignoles'  rail  at,  resistance 
to  traction  of,  401 


NANTES  tramway,  M£karski*s 
compressed-air  car,  521 

Neversink  Mountain  electric  railroad, 
641  ;  worked  by  turbines,  641  ; 
arrangements  for  working,  643  ; 
particulars  of  power  employed,  644 ; 
details  of  machinery,  645  ;  test,  for 
resistance,  647  ;  road  data,  648  ; 
distribution  of  electrical  power,  647, 
649 ;  Edison's  compound  dynamo, 
646 ;  transmission  of  currents,  646 

Newcastle-upon-Tyne,  Winby  and 
Levick's  way  at,  255,  257  ;  cost  of, 
257  ;  Kincaid's  way,  240 

Newcastle  tramways,  report  of  Cor- 
poration Committee  on  cable  trac- 
tion, 542 

New  York  grooved  tram-rails,  6,  7  ; 
step  rails,  10 ;  car  used  on  tramways 

at,  354 

New  York  (East)  and  Canartio  tram- 
way, hot- water  locomotives  on,  415; 
tests  by  Mr.  Bueland  Mr.  Brevoort, 
416 

New  York  and  Haarlem,  first  Ameri- 
can line  of  tramways,  5  ;  unpopular 
and  suppressed,  5 ;  re\'ived  in  1852, 5 

Noble's  crescent  rail,  16,  17 

North  British  Rubber  Company, 
india-rubber  springs  by,  365,  384 
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North  Chicago  City  railway,  resist- 
ance to  traction,  by  A.  W.  Wright, 
406 

North  London  Suburban  tramways, 
Vignoles'  way  for,  269 

North  London  tramways,  purchase  of, 

53 

North  Metropolitan  tramway  ;  work- 
ing stock,  53  ;  cars  on,  54 ;  mileage 
and  passengers,  55 — 58;  Page's 
system  of  way  for  glass  sleepers  on, 
124,  125  ;  experimental  lengths  of 
different  way,  122,  123,  124  ;  plank 
base,  123;  imequal  wear  of  rail, 
124;  Winby  and  Levick  way  for, 
124;  Beaumont  compressed-air  car 
on,  524 

North  Staffordshire  tramways,  Vig- 
noles'  way  for,  269 ;  Merryweather*s 
en§^nes  on,  454 

Nottmgham  and  District  tramways, 
Winby  and  Levick' s  way  for,  255  ; 
cost  of,  256 


OIL  motorcars,  651 
Omnibuses,  average  life  of  horses 
used  for,  104,  105  ;    of  omnibus, 
104.    See  aJso  London  General 
Omnibus  Company 
Orleans,  New,  hot-water  locomotives 

used  at,  413,  414 
Oxford,  City  and  District  tramway, 
Brunton's  way  for,  266 


PAGE'S  system  of  way,  342  ;  North 
Metropolitan  Tramway,  125  ; 
cost  of,  128,  129 

Paris  tramways,  Francq  &  Mesnard's 
tireless  locomotives  for,  5 1 2 ;  Merry- 
weather's  locomotives  for,  437,439 ; 
tramways  in,  296  ;  cost  of,  300, 
301  ;  electric  traction  on  railwa}^ 
in,  566 ;  Hughes's  locomotives  on 
Southern  tramways  of,  458;  cost 
of,  461 

Passenger  traffic,  returns  of,  38 

Pavmg  and  pavement,  asphalte  a 
failure,  114;  ashes,  use  of  for,  116; 
wood,  260 ;  support  of,  344 ;  im- 
perfect, damage  oy  to  traffic,  344 ; 
importance  of  maintaining,  344, 350 

Perkins,  Loitus,  condensing  locomo- 


tive by,  423 ;  report  of  M.  Fan- 
camps  on,  424 ;  report  of  Mr.  Spee 
on,  425  ;  improvements  of,  426, 427 
Perrett,  Edward,  steam-cars  by,  478 ; 
on  starting  resistance  of  cars,  404, 

405 
Pesth  electric  railway,  598 

Philadelphia  girder  rail,  329  ;  slip  rail 
in,  9 ;  trial  of  steam-cars  at,  432, 
436 ;  comparative  cost  of  horse  and 
steam  power,  434,  435 

Phillip,  John,  on  the  starting  resist- 
ance of  cars,  402 

Points  and  crossings,  663 

Portobello,  construction  of  branch  of 
Edinburgh  Street  tramways,  216; 
cost  of,  217 

Portrush  and  Giants'  Causeway  elec- 
tric tramway,  569 

Potteries,  tramway  in  the,  14 

Pritchard,  £.,  Birmingham  cable 
tramways  by,  543 

Provincial  tramway,  table  of  cost  and 
working  expenditure  of,  28 

Purchase  of  tramways  by  local 
authorities.  House  of  Lordl'  judg- 
ment as  to  terms  of,  71Q 


RADIAL -AXLE  car  by  James 
Cleminson,  376 
Rail  cleaner  by  H.  Conradi,  406 
Rails  :  Aldred-Spielmaxm  rail,  1^0, 
132,  342 ;  Aspinall's  at  Horwich 
locomotive  works,  293 ;  Barker's 
steel  rail,  244, 248  ;  Beloe  rails,  21, 
204  ;  box  rail  unsuited  for  me- 
chanical traction,  124 ;  abandoned 
at  Glasgow,  175,  185  ;  on  Wirral 
tramway,  204 ;  Brussels,  iron  rails 
hi»  305  ;  Buenos  v\yrcs  rails,  321, 
327 ;  Bum's  girder  rail,  330 ;  Cassel 
iron  rail,  313 
Rails  :  cast-iron,  when  first  tried,  3  ; 
cleaners  for,  406;  effects  on  trac- 
tional  resistance,  407  ;  channeled 
rail,  advantages  of^  in  towns,  161, 
184 ;  Cockbum-Muir,  319,  352  ; 
crescent  rail,  16,  307  ;  Deacon's 
steel  rail,  152  ;  Deacon's  rail  in 
Liverpool,  142  ;  Dowson's  iron  rail, 
254  ;    Dugdale's  rail,   261  ;   Dug- 
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dale's  steel    rail  at   Highgate-hill 
(cable),  532  ;   flat  rail,  14 ;  objec- 
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tions  to,  III;  Sir  Douglas  Fox, 
on  La  Plata  tramway,  329 ;  Franco's 
iron  rail,  302  ;  girder  rail  by 
Brunton,  264 ;  American,  Phila- 
delphia, 329  ;  Burns,  330 ;  De 
Feral,  325  ;  Edge,  294 ;  Gowan, 
132,  196,  212,  330.  343  ;  Johnstone 
and  Rankine,  186 ;  Kerr,  276  ; 
Kincaid,  112,  331,  338;   Legrand, 

331  ;  Meakins,  135  ;  Winby  and 
Levick,  256  ;  girder  rail,  334  ;  for 
cable  tramway  at  Edinburgh,  534, 
537  ;  at  Birmingham,  550,  55^1  ; 
tests  of,  for  resistance,  335  ;  sections 
of  various  (Dick,  Kerr  &  Co.), 
Z2f^*  337  ;  w-eight  and  dimensions, 

332  ;  grooved  iron  rail  in  New  York, 
5  ;  best  form  of  grooved  rail,  340, 
349;  Guinness's  brewery,  290; 
Guernsey  electric  tramway,  582 ; 
Haworth's  flat  rail,  14,  15  ;  John- 
stone and  Rankine's,  at  Glasgow, 
166,  176,  184,  187,  188,342,343; 
Kerr*s  rail,  276,  279;  Kincaid's 
iron  rail,  227,  229,  230,  231,  237, 
352  ;  Kincaid's  South  London  tram- 
ways, 112;  girder  rail,  338  ;  Kin- 
caid's steel  rail,  238,  239,  242 ; 
Larsen's  rail,  118,  119,  120,  134, 
162  ;  Dublin,  162  ;  Vale  of  Clyde, 
196,  198  ;  North  Metropolitan,  123, 
1 24  ;  Lebout's  iron  rail,  309  ;  Leeds 
(early)  rails,  1 16;  Legrand  girder 
rail,  330;  Leipzig  rail,  312  ;  Light's 
cast-iron  rail  in  Boston  (U.S.),  8  ; 
Lille  iron  rail,  304 ;  Lisbon  iron 
rail,  313 ;  Liverpool  rail,  early,  17  ; 
Livesey's  steel  rail,  315  ;  Livesey's 
iron  rail,  317  ;  Lizars'  iron  rail,  287  ; 
London  tramway,  rail  for,  no,  112  ; 
South  London,  135,  136 ;  Loiy^bat's 
rail,  5,  297,  298,  300 ;  Macrae  iron 
rail,  218;  Macrae  steel  rail,  23; 
Mackieson's  iron  rails,  209,  211, 
213;  Neversink  Mountain  railroad 
rails,  640,  642 ;  New  York  step 
rail,  10;  Noble's  crescent  rail,  16, 
17  ;  Page's  rail,  125  ;  Philadelphia 
step  rail,  9  ;  giider  rail,  329 ;  Port- 
rusn  and  Giants'  Causeway  (electric^ 
rails,  567  ;  Ransome,  Deas,  and 
Rapier's  cast-iron  rails,  280 ; 
Shaw's  steel  rail,  252 ;  Siemens' 
steel  rails  at  Lima,  32 1 ;   steel  and  I 


iron,  comparative  wear  of,  344 ;  in 
Glasgow,  184 ;  on  the  North  Metro- 
politan, 124;  strength  of  Cockbom- 
Muir's  iron  and  steel,  321 — 323; 
R}'mney  or  box-rail,  132  ;  steel  tail 
tests,  153—155  ;  step  rail,  11,  401, 
481 ;  strength  and  design  of  con- 
siderations as  to,  340,  342,  350; 
Sytenko's  rail,  311;  stiflbess  of 
rails,  352;  step  rail,  9,  10,  11; 
tests  of  rail  by  Mr.  Kirkaldy,  321, 
322  ;  at  Buenos  Ayres,  327  ;  timber 
rail  of  early  tramway,  2 ;  Train's 
step  rail,  13 ;  triple  rail  system, 
15  ;  Tnisweli's  rail,  271 ;  Vignoles* 
rail,  269,  270 ;  objections  to,  342 ; 
modificaiions  of,  by  Bum,  330 ; 
at  Guernsey,  5^2 ;  unequal  wear 
of  rail,  124  ;  Wellington  (N.Z.) 
iron  rail,  314  ;  Wilson's  rail,  258, 
259 ;  Wlnby  and  Le\ick's  rail,  124 

Ransom,  Louis,  steam-car  by,  434; 
tiials  of  steam-car,  436 

Ransome,  Deas,  and  Rapier,  cast-iron 
way  at  Glasgow  Harbour,  280,  283 ; 
at  Glasgow  Corporation  Gasworks, 
283  ;  cost  of,  282,  284,  285  ;  width 
of  bearing,  287 

Receipts  of  tramways.  See  Cost, 
Receipts,  etc. 

Resistance  on  tramways:  advantage 
on  the  round  contour  of  the  groove, 
113,  114 ;  advantage  of  the  fallow 
groove,  168,  169,  196  ;  central  bear- 
ing for  wheels,  232  ;  advantage  ot 
a  tirst-rate  rolling  surface,  344,  379 ; 
C.  L.  Light's  sloping  berme,  7, 
350 ;  freedom  of  the  Sip  rail,  1 1 ; 
freedom  of  Mr.  Haworth's  flat  rail, 
14 ;  disadvantages  of  the  crescent 
rail,  16,  17,  307  ;  Mr.  Holt's  ex- 
periments,  398 ;  advantages  of  light- 
ness and  elasticity,  381 ;  starting 
gear  for  cars  to  prevent,  402  ;  E. 
Perrett's  experiments,  404,  481 ; 
A.  W.  Wright's  experiment,  new 
rails  V.  worn  rails,  406 ;  J.  A. 
W^right's  obser>'ations  on  resistance 
on  a  dusty  day,  406 ;  causes  of  re- 
sistance, 345,  356,  398;  necessity 
for  vertical  stiflness,  352  ;  reduction 
of,  by  the  use  of  radfial  axles  and 
loose  wheels,  376;  resistance  of 
car  on  slip  rail  at  Chicago,  405, 
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481  ;  tests  for  resistance,  on  Rouen 
steam-tramways,    406 ;   on   Never- 
sink    Mountain    electric    railroad, 
649 
Ridley  and  Co.,  tramways  laid  by, 

255.  257 
Rolling  surface,  advantage  of  a  good, 

344»  379 

Rouen  tramways,  resistance  to  trac- 
tion on  dusty  days,  406 ;  Meny- 
weather*s  engines  for,  444  ;  perfor- 
mance and  working  cost  of,  445 

Roundhay  electric  tramway,  615 ; 
example  of  Thomson- Houston  sys- 
tem and  current  American  practice, 
615;  circuit  as  in  use,  501,  616; 
electric  connections  of  rails,  616 ; 
cross -suspension,  method  of  over- 
head construction,  616;  cars  and 
motors,  618 ;  trolley  and  trolley- 
wire,  622  ;  arrangement  of  station 
and  car-shed,  622 ;  operation  ex- 
penses, 626 

Rowan,  W.  R.,  steam-car  by,  488  ; 
cost  of  steam  and  horse-power  on, 
490,  491 

Rueil-Marly  tramway,  Francq*s  en- 
gine, 510 

Rusholme,  Shaw's  way  at,  252 

Ryde  Pier,  electric  tramway  at,  567 

SALFORD,  Haworth's  tramway  in, 
14  ;  Corporation  tramways,  con- 
•struction  ot,  on  Kincaid'sway,  234, 
241  ;  Eade's  reversible  car  on,  281 

Salmon,  T.  R.,  system  of  tramway  at 
Belfast  harbour  by,  287,  288 

Salto  tramway,  Cockbum-Muir*s  iron 
way  at,  320 

San  Francisco,  system  of  cable  tram- 
ways at,  425,  427 

Santander,  Todd's  steam  locomotive 
for,  411 

Scoria  blocks,  use  of  at  Salford,  242 

Scotland,  Tramway  Acts  relating  to, 
708 

Scott-Moncrieflf's  compressed-air  car, 
522 

Shaw's  system  of.  way,  340  ;  at  Rus- 
holme, 252  ;  cost  of,  253 

Sheffield  tramway,  construction  of, 
229  ;  Hughes's  locomotive  on,  458 

Sheibner,  Mr.,  on  electrical  railways, 

585»  598 


Shelford,  W.,  Meakins'  way  by,  for 
Southwark  and  Deptford  tramways, 

.'35 
Siemens,    Dr.    Werner,   on    electric 

traction,  566 ;  motor  at  Guernsey, 
581  ;  steel  rails  in  Monte  Video 
and  at  Lima,  320  ;  tests  of  the  rails, 
322 
Sleepers,  systems  of:  block  system, 
318;  cast-iron  for  crossings,  155; 
cast-iron,  246 ;  at  Madras,  254 ; 
description  of  various  systems,  340, 
347 ;  crossings  and  points,  155 ; 
fastening  to  rails,  mode  of,  156; 
glass,  124  ;  cost  of  timber  and  cast- 
iron  compared,  160;  curves,  163; 
City  ancl  Suburban  electric  rail- 
way, 585 ;  longitudinal,  merits  of, 
347  ;  timber,  146,  340,  349 ;  trans- 
verse,   342  ;     wrought  -  iron,    324, 

348 

Smith  and  Mygind,  locomotive  by,  at 
Copenhagen,  430 

Soci6t6  Metallurgique  et  Charbon- 
nifere,  three-cylinder  locomotive  by, 
429 

Southampton  street  tramways,  Wil- 
son's way  for,  258 ;  cost  of,  260 

South  London  tramway,  capital  and 
working  expenditure  of,  73,  75 ; 
horses  on,  74,  76 ;  account  of  mile- 
age receipt  and  passengers,  74; 
repairs  and  renewal  of  cars  and  way, 
77  ;  reconstruction  of,  135 — 139  ; 
cost  of,  137 

South  Staffordshire  electric  tramway, 
627  ;  its  system  especially  designed 
by  Mr.  Dickinson,  628  ;  generation 
and  transmission  of  power,  629 ; 
cars  and  motors  employed,  632 ; 
the  trolley  as  used  by  Mr.  IMcfin- 
son,  634 ;  cost  per  car  mile,  638  ; 
wear  and  tear  of  trolley-'wire,  640 

Southport  tramway,  construction  of, 
201  ;  cost  of,  202 

Southwark  and  Deptford,  Meakins* 
way  for,  135 

Sp6e,  M.,  report  by,  on  Perkins's  con- 
densing locomotive,  425 ;  on  BMe 
and  Co.'s  Belgian  locomotives,  431 

Spencer,  George,  and  Co.'s  india- 
rubber  springs,  384 

Spontaneous  evaporation,  503 

Sprague  motor,  602 
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Spring,  bearing  of  tram-cars,  365, 370, 

374f  383*  384;  india-rubber,   384, 

385 
Starbuck  Car  Company,  car-wheels 

by,  369 

Steam  cars,  historical  sketch,  409; 
byelaws  issued  by  Board  of  Trade 
applicable  to,  699  ;  Bald>^in*s,  432  ; 
BMe  and  Co.'s,  430 ;  Brown's, 
482  ;  Grantham,  418  ;  Perrett*s, 
478;  Ransom's,  434;  Todd's,  410 ; 
Train's,  409  ;  Rowan's,  488  ;  Wil- 
kini^on's  condensing  locomotive,  471 

Steam  locomotives  :  on  Lisbon  tram- 
way, 313;  historical  sketch,  409; 
calculation  for  steam  power,  492  ; 
at  Alford  and  Sutton,  278  ;  Fal- 
con and  Co.,  ii66 ;  Geoehegan, 
473 ;  Kitson  ana  Co.,  468,  470 ; 
Hughes,  456  ;  Vale  of  Clyde,  456, 
458  ;  Wantage,  458  ;  Southern 
Tramways  of  Paris,  458,  461 ;  Bris- 
tol, 462  ;  Lille,  465  ;  Menyw'eather 
and  Sons,  437  ;  at  Cassel,  312  ; 
Rouen,  444  ;  Dewsbury,  446  ; 
Stoke-on-Trent,  454 ;  Barcelona, 
440,  442 ;  Merryweather's  latest 
design  of  locomotive,  442  ;  Loflus 
Perkins,  423,  426 

Steam-power,  form  of  regulations 
issued  by  Board  of  Trade,  699 

Steam-power  v.  horse-power,  Rowan's 
comparison  of,  490 ;  methods  of 
calculating  pressure,  502,  503  ;  ex- 
amples for,  505  ;  principle  of  spon- 
taneous evaporation,  503. 

Starbuck  Car  and  Waggon  Company, 
inside  passenger-car  by,  42 1 

Starting  gear,  design  of,  by  Mr.  Holt, 
402,  404  ;  cost  of,  404 

Steel  V,  iron  rails,  32 1 ,  443 

Stephenson,  Gurdon  L.,  on  cost  of 
girder-rail,  138 ;  improvement  of 
Meakins'  system  by,  138 

Stephenson,  John,  original  tram-car 
by,  354  ;  design  of  brake  for  tram- 
car,  366 

Step-rail :  in  Philadelphia,  9 ;  New 
York,  10,  ti  ;  Birkenhead,  13; 
failure  of,  in  England,  14 

Sterne,  L.  and  Co.,  indiarubber 
spiral  springs  by,  385 

Stockholm  tramway,  Rowan's  steam- 
car  on,  491 


Stockton-on-Tee!s  and  District  tram- 
ways. Kincaid's  \^'ay  by  Grover  and 
Newton.  244 

Stoke-on-Trent.  Merryweathcr's  loco- 
motives at.  454 

Storage  batteries  for  electric  tram- 
ways, 563 

Straps,  use  of,  in  tramway  construc- 
tion, 125 

Strasburg  tramwa)"^,  steam-cars  on, 
487 

Stratford,  glass  sleepers  at,  124 

Substructure  of  tramways,  importance 
of,  346;  construction  of,  for  cable 
tramways  at  San  Francisco,  528 ; 
Highgate-hill,  532 ;  Edinburgh, 
533.     And  see  Ways 

Sunderland  tramways,  Brown^s  loco> 
motive  on,  487;   Gowan's  wav  at. 

133 
Switches,  use  of.  on  electric  tramway, 

563  ;  on  electric  railway,  588 

Sytenko,  Colonel.  Moscow  tramway 

designed  by,  3 1 1  ;  on  resistance  of 

tramway,  401 


TESTS  of  rails,  Cockbum-Muir's 
steel  V.  iron  rail,  321,  323,  327 

Thomson-Houston  system  of  electric 
tramways,  instance  of,  615 

Tie  bars,  use  of,  1 1 1  ;  abandoned  by 
Mr.  Hopkins,  122 

Todd,  L.  J.,  steam  locomotive  by, 
410 ;  hot-water  steam-car  by,  412 

Train,  George  F.,  8,  12  ;  tramway  at 
Birkenhead,  13;  London,  14;  Pot- 
teries, 14 ;  steam-cars  by,  409 

Tramways,  particulars  of:  Elariy  in- 
stances, I ;  Aberdeen,  97,  99,  226  ; 
America,  5, 329,  730;  Antwerp,  305 ; 
Bahia,  320;  Barcelona,  440,  442; 
Battersea,  13  j  ;  Belfast  Har1x>ur, 
287,  288  ;  Belfast,  120;  Berlin,  566 ; 
Bessbrook  and  Newry,  396,  567 ; 
Birkenhead,  1 3,  204 ;  Birmingham, 
78,  294,  371, 471,  543,  578 ;  Black- 
pool, 100,  C78,  jj79;  Boston  (U.S.), 
8;  Bristol,  78,  231,  341,  462; 
Brixton,  553 ;  Broomielaw  Quay, 
280 ;  Brunswick,  295 ;  Brussels, 
305,  423  ;  Bucharest,  279 ;  Buenos, 
Ayres,  11,  12,  318,  320,  326,  327, 
328 ;    City    and    South    London, 
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58S ;  Canada,  146;  Cassel,  312, 443  ; 
Chicago,    537 ;     Cmcinnati,     409 ; 
Coney  Island,  436 ;  Constantinople, 
309 ;  Copenhagen,  430 ;  Dewsbury, 
Birstal,  and  Batley,  229,  272  ;  Dub- 
lin, 52,  162,  164,  363 ;  Dublin  and 
iLucan,    480,    482 ;     Dudley    and 
Stourbridge,    471 ;   Dundee,    207, 
330 ;  Edinburgh,  91, 215,  216,  219, 
223,  330,  533,  534,  542 ;  Florence 
and  Fiesole,  598,  600 ;  Ghent,  305, 
306 ;   Geneva,  304 ;   Glasgow,  86, 
166,  171,  184,  185,  193,  280,  283, 
341  ;    Greenwich,   545 ;   Guernsey, 
443,  580 ;  Guinness's  Brewery,  290, 
473;     Hamburg,   487;     Highgate 
Hill,    532 ;    Horwich    Locomotive 
Works,    292,    476 ;    Hoylake  and 
Birkenhead,     421  :     Huddersfield, 
26 r,  264,  335  ;  Hull,  230;  Ipsi^ich, 
275 ;    La   Plata,  329 ;    Lausanne, 
482;    Leeds,  229,   251,  398,  615; 
Leicester,  233,  417  ;  Leipzig,  311  ; 
Leytonstone,  1 25, 524 ;  Lichterfeldc, 
598;  Lidge,  305;  Lille,  304>  4<>.<» 
466;    Lima,    321;    Lisbon,   313; 
Liverpool,  16,  17,  21,  140, 158, 160, 
340,   605 ;    London,    14 ;    Ix)ndon 
Tramways,  22,  48,  50,  Co,  no,  113, 
^30f    133 ;   London   Street  Tram- 
ways, 21,  22,  67,  68,  69,  71,  72, 
117,  119,  134;  Madras,  254;  Ma- 
drid, 279;   Manchester,  133,   151, 
24b ;    Mannheim,    324 ;    Matlock, 
552  ;  Metropolis,  48, 50, 1 17  ;  Metz, 
324 ;   Modling,  407,   598 ;   Monte 
Video,  320;    Moscow,   311,  401; 
Nantes,  521 ;  Neversink  Mountain, 
641  ;    Newcastle-upon-Tyne,   240 ; 
New  Orleans,  413  ;  New  York,  5, 
6,   7«    10,   354,  415,   416;     North 
London,  53,   269;    North  Metro- 
politan,  53,    54,    122,    124,   125; 
North    Staflfordshire,     269,    454 ; 
Nottingham,   255  ;    Oxford,    266 ; 
Paris,  296,  300,  437,  439,  458,  461, 
512,    560;    Philadelphia,   9,    329, 
432,   436;    Portobello,   216,   217; 
Portrush    and    Giants'   Causeway, 
569;  Potteries,   14;   Rueil  Marly, 
510 ;  Rouen,  406,  445 ;  Rusholme, 
252  ;  Ryde  Pier,  567  ;  Salford,  14, 
234,   241,   281;    Salto,  320;    San 
Francisco,  425;    Santander,  411  ; 


Sheffield,  229, 458 ;  Soci6t6  Metal- 
lurgique  et  Charbonni^,  439 ; 
Southampton,  258,  260;  South 
London,  73,  135;  Southport,  201  ; 
South  Staffordshire,  627;  South- 
wark  and  Deptford,  135;  Stock- 
holm, 491 ;  Stockton-on-Tees,  244 ; 
Stoke-on-Trent,  454 ;  Strasburg^ 
487;  Stratford  (London),  124; 
Vde  of  Clyde,  168.  195,  261,  458, 
522  ;  Versailles.  302 ;  Vienna,  320, 
408,  422  ;  Wallasey,  251  ;  Wan- 
tage, 419,  458,  522 ;  Wellington 
(N.Z.),  3 '4.  444;  Wirral,  204; 
Woolwich,  277 

Tresca,  M.,  on  tractional  resistance, 
400 

Triple-rail  system,  15 

Trolleys,  description  of,  as  used  for 
electric  traction,  560,  562,  634 

Trumpeters  on  Buenos  Ayres  tram- 
ways, 12 

Truswell's  system  of  way,  272,  274; 
at  Birstal,  272 

Turbines,  use  of,  on  Neversink  Moun- 
tain railroad,  644. 

Turton  and  Busby,  lessees  of  Man- 
chester suburban  tramway,  351 


UNITED  STATES,  tramways 
first  employed  in,  5 ;  electric 
traction  in,  564  ;  length  of  tram- 
ways, 730 ;  introduced  into  Europe 
from,  732 
Unwin,  Professor,  on  Connelly  oil 
motor,  653 


VALE  OF  CLYDE  tramways.  Act 
for,  168,  195  ;  construction  of, 
195,  261  ;  length  of,  195 ;  Scott 
MoncriefTs  compressed-air  car  on, 
522  :  cost  of  working  it,  523  ; 
Hughes's  locomotive  on,  458 

Vaucamps,  N.,  on  the  performances 
of  the  Perkins  locomotive,  424 

Versailles  tramways,  construction  of, 
302 

Vickers,  forged  steel  points  by,  237 

Vienna  tramways,  Cockbum-Muir's 
way  on,  303 ;  Grantham's  car  on, 
422  ;  experiment  for  tractional  re- 
sistance on,  408 
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Vignoles'  system  of  way,  341,  342  ; 
Tottenham  and  Stoke,  269 ;  resist- 
ance to  traction  of  Vi^oles'  rail  at 
Moscow,  401 ;  moditication  of  Vig- 
noles'  rail  by  Bum,  330 ;  rail, 
Guernsey  clcciric  tramway,  582 


WALLASEY,   Barker's   way  at, 
by  Mr.  Beloe,  251  ;  cost,  251 

Wantage  rail  and  tramway,  Grantham 
car  on,  and  cost  of  working,  419 
— 422  ;  Hughes's  locomotive  on, 
458  ;  Mekarski's  compressed-air 
car,  ^22 

Ways  naving  cast-iron  substructure  : 
Aldred  and  Spielmann  system, 
London,  132 ;  Barker's  system  at 
Manchester,  246 ;  Deacon's  system, 
Liverpool,  140,  148  ;  Dugdale's  sys- 
tem at  Huddersiield,  261,  263 
Kincaid's,  at  Bristol,  227,  230,  231 
Newcastle,  240;  Sal  ford,  241 
Mackison's  system,  Dundee,  207 
Shaw's  system  at  Rusholme,  252 
Truswell's  system  at  Bristol,  272 
Vignole's  system,  Tottenham  and 
Stoke,  269 ;  Wilson's  system  at 
Southampton,  258,  259 

Ways  having  wrought-iron  substruc- 
ture :  Dowson's  system,  254  ;  De 
Feral's  system,  Mannheim  and  Lud- 

^  wigshafen,  324 ;  Kerr's  system  at 
Ipswich,  275;  Woolwich,  277 ;  Mea- 
kins'  system,  Southwark  and  Batter- 
sea,  135  ;  Page's  system,  London, 
125;  Winby  &  Loick's  system, 
Nottingham,  255  ;  Newcastle-upon- 
Tyne,  256 

Ways  which  are  rolled  in  one  piece  : 
Brunton's  system  at  Oxford,  266  ; 
Gowan's  system  at  Dundee,  133, 
212;  London,  133;  Manchester, 
133  ;  Sunderland,  133 ;  Johnstone 
&L  Kankine's  system  at  Glasgow, 


I 


167, 187 ;  Macrae's  system  in  Edin- 
burgh, 224 
Ways  ha^-ing  wood  snbstmctaie : 
Beloe's  system  at  Southport,  201 ; 
Mackieson's  system,  Dundee,  207, 
214  ;  Macrae's  system,  Edinburgh, 

215 
WeUington  (N.Z.)  City  tramway,  314 ; 

Merryweather*s  engine  for,  443 
Westinghouse  brake  on  Liverpool 
overhead  railway,  607  ;  modihca- 
tion  of,  by  Mr.  Greathead,  for  use 
on  City  and  Suburban  electric  rail- 
way, 592 
Wheels  and  axles  of  tram-cars,  con- 
struction of,  IS,  355,  360.  3S6; 
flangeless,  393, 397;  wear  of  wheels, 
357  ;  of  French  tram-cars,  379 ; 
Eade's  reversible  car,  381  ;  disc- 
wheels, 389 ;  Handyside  car-wheel, 

389 
Wilkinson's  locomotive,  471 

Wilson's  s)rstem    of   way,  341 ;    at 

Southampton,  258 
Winby  and  LeWck's  system  of  way, 

255.    342.    345;    on    tramway  at 

London,    124;     Newcastle,    257; 

Nottingham,  255 
Wirral  tramways,  204 
Wood-plank    base    for    longitudinal 

sleepers,  349 ;  at  Islington  and  on 

North  Metropolitan  Tramwa)'s,  123 
Wood    substructure    for    tramways. 

See  Ways 
Woods,  Edward,  improvement  of  the 

Grantham  car  by,  419,  421,  422; 

on  resistance  of  tram-cars,  401 
Woolwich  and  Plumstead  tramway, 

Kerr's  way  on,  277 
Working  expenses  of  tramways:  see 

Cost,  Rkckipts,  and  Expe:»idi- 

TURB 

Wright,  A.  W.,  experiments  on  re- 
sistance of  cars  to  traction,  406 

Wright,  J.  A.,  on  resistance  to  trac- 
tion on  a  dusty  day,  406 
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with  Numerous  Tables  of  Practical  Data  and  Calculated  Results  for  Facili- 
tating Mechanical  Operations.  By  W1LLIA.M  Templeton.  Sixteenth 
Edition.  Revised,  Modernised,  and  considerably  Enlarged  by  Walter  S. 
Hutton,  C.E.  Fcap.  8vo,  nearly  500  pp.,  with  8  Plates  and  upwards  of  250 
Illustrative  Diagrams,  68.  strongly  bound  for  workshop  or  pocket  wear  and 
tear. 

"  In  its  modernised  form  Hutton*s  '  Templeton '  should  have  a  wide  sale,  for  it  contaios 
much  valuable  information  which  the  mechanic  will  often  find  of  ose,  and  not  a  fo«  tables 
and  notes  which  ho  might  look  for  in  vain  in  other  works.  This  modernised  edition  will  be 
appreciated  by  all  who  have  learned  to  value  the  original  editions  of  *  Templeton.'  *'— 

Bngluk  Mechanic, 
'*  It  has  met  with  great  success  in  the  engineering  workshop,  as  we  can  testify ;  and  thefe 
are  a  ffreat  many  men  who.  in  a  great  measure,  owe  their  rise  in  life  to  this  little  book.** — 

Building  Ne 
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MECHANICAL  ENGINEERING,  etc. 

D.  K.  Clark's  PooketBook  for  Mechanical  Engineers. 

The  mechanical  Engineer's  Pocket-book  of  tables, 

Formula,  Rules,  and  Data  :  A  Handy  Book  of  Reference  for  Daily  Use  in 
Engineering  Practice.  By  D.  Kinnear  Clark,  M.  Inst,  C.E.^  Author  of 
**  Railway  Machinery,"  **  Tramwa3rs,*'  &c.  Second  Edition,  Revised  and  Enlarged, 
Small  8vo,  700  pages,  9^.  bound  in  flexible  leather  covers,  with  rounded  corners  and 
gilt  edges. 

Summary  of  Contents. 

Mathkmatical  Tables. — Measurement  of  Surpacrs  and  Solids. — English  Weights  and 
Mbascrks. — French  Metric  Weights  and  Measures.— Foreign  Weights  and  Measures. — 
Moneys.— Specific  Gravity,  Weight  and  Volume. — Manufactured  Metals. — Steel  Pipes. — 
Bolts  and  Nuts.— Sundry  Articles  in  Wrought  and  Cast  Iro<«,  Copper,  Brass,  Lead,  I'ls. 
2iNC. — Strength  of  Materials. — Strength  of  Timber. — Strhngth  of  Cast  Iron. — Strength 
OF  Wrought  Iron. — Strength  of  Steel. — ^Tensile  Strength  of  Copper,  Lead,  etc. — Resist- 
ance OF  Stones  and  other  Building  Materials.— RivErBD  Joints  in  Boiler  Plates.— Boilrr 
Shells. — Wire  Ropes  and  Hemp  Ropes.— Chains  and  Chain  Cables. — Framing.— Hardness  of 
Metals,  Alloys  and  Stones. — Labour  of  Animals. — Mechanical  Principles. — Gravity  and  Fall 
OF  Bodies. — Accelerating  and  Retarding  Forces.— Mill  Gearing,  Shafting,  &c. — Transmission 
OF  Motive  Powbr.—Heat. — Combustion:  Fuels. — Warming,  Ventilation,  Cooking  Stoves.— 
.Steam. — Steam  Engines  and  Boilers. — Railways. — ^Tramways.— Steam  Ships.— Pumping  Steam 
Engi.nes  and  Pumps. — Coal  Gas,  Gas  Engines,  Ac. — Air  in  Motion.— Compressed  Air. — Hot  Air 
Engines. — Water  Power.— Speed  of  Cutting  Tools. — Colours.— Electrical  Engineering. 

*J*  Opinions  of  the  Press. 

"  Mr.  Clark  manifests  what  is  an  innate  perception  of  what  is  likely  to  be  aseful  in  a  pocket- 
book,  and  he  is  really  unrivalled  in  the  art  of  condensation.  Very  frequently  we  find  tbe  information 
on  a  given  subject  is  supplied  by  giving  a  summary  description  of  an  exp-riment,  and  a  statement  ot 
the  results  obtained.  There  is  a  very  excellent  steam  table,  occupyiog  five-and-a-half  pages ;  and  there 
are  rules  given  for  several  calculations,  which  rules  cannot  be  found  in  other  poclcet-books,  as,  for 
example,  that  on  page  497,  for  getting  at  the  quantity  of  water  in  the  shape  of  priming  in  any  known 
weight  of  steam.  It  Is  very  difficult  to  hit  upon  any  mechanical  engineering  subject  concerning 
■which  this  work  supplies  no  information,  and  tbe  excellent  index  at  the  end  adds  to  its  utility.  In 
one  word.  It  Is  an  exceedingly  handy  and  efficient  tool,  possessed  of  which  the  engineer  will  be 
saved  many  a  wearisome  calculation,  or  yet  more  wearisome  hunt  through  various  text-books  and 
treatises,  and,  as  such,  we  can  heartily  recommend  it  to  our  readers,  who  must  not  run  away  with 
the  idea  that  Mr.  Clark's  Pocket-book  is  only  Molesworth  in  another  form.  On  the  contrary,  each 
contains  what  is  not  to  be  founi  in  the  other;  and  Mr  Clark  takes  m )  e  room  and  deais  at  more 
length  with  many  subjects  than  Molesworth  poss.bly  could."— T/ir  Entiineer. 

**  It  would  be  found  difficult  to  compress  more  matter  within  a  simiUr  compass,  or  produce  a  book  of 
5^0  pages  which  should  be  more  compact  or  convenieat  for  pocket  re'erence.  .  .  .  Will  be  appre- 
ciated bv  mechanical  eogineers  of  all  classes."— /'ro^/  cai  Engineer. 

**  Just  the  kind  of  work  that  practical  men  require  to  have  near  to  them." — English  Mechanu: 


CROSBY  LOCKWOOD  dn  SON*S  CATALOGUE, 


MR.   HUTTON^S   PRApTICAL   HANDBOOKS. 

Haadbooh  for  Works'  Managers. 

The  WORKS'   MANAGER'S  HANDBOOK    OF    MODERN    RULES, 
Tables,  and  data.      For   Engineers,   Millwrights,  and   Boiler  Makers  ;    Tool 
Makers,  Machinists,  and  Metal   Workers  ;    Iron  and  Brass  Founders,  &c.     Bj 
W.  S.  Hi'TTON,  Civil  and  Mechanical  Engineer,  Author  of  "The  Practical  En- 
gineer's Handbook."    Fourth  Edition,  carefully  Revised  and  partly  Re-written.    In 
One  handsome  Vclume,  medium  8vo,  price  i$s.  strongly  bound. 
SrfttT  7'Ae  Author  having  compiled  Rules  and  Datajor  hisoivn  use  in  a  great  vari^ 
of  modern  engineer  in jr  work,  and  having  found  his  notes  txtreniely  ust'ful^  decide  /* 
publish  ihevt^revised  to  date — believing  that  a  practical  Vfork^  suited  to  the  DAII.Y  Jil- 
QUiREMENTS  OF  MODERN  'RSGi'S'e.fLViS,  toould  be Javourably  received. 

In  the  Fourth  Edition  the  First  Section  has  been  re-written  and  impratfed  by  ike 
addition  of  numerous  Illustrations  and  new  matter  reletting  to  Steam  Engines  amd 
Gas  Engines.  The  Second  Section  has  been  enlarged  ami  Illustrated^  and  through&ut 
the  book  a  great  number  of  emendations  atui  alterations  have  been  made,  with  tht  ohjtct 
of  rendering  the  book  more  generally  useful. 

*,*  Opinions  of  the  Press. 

"The  author  treats  every  subject  from  the  point  of  view  of  one  who  has  collected  workshop  notes  fctf 
application  in  workshop  practice,  rather  ihan  from  the  theoretical  or  literary  a.«pect.  The  volume  coiiui]i» 
a  ifreat  deal  of  that  kind  of  information  which  is  gained  only  by  practical  experience,  and  isseldoca  wntteo 
in  books." — Engineer. 

"  The  volume  is  an  evceedinglv  useful  one,  brimful  with  engineers'  notes,  memoranda,  and  rules,  and 
well  worthy  of  being  on  every  mechanical  engineer's  bookshelf.'  —<1/tfvA4unVa/  World. 

"  Tlie  inrormation  is  precisely  that  likely  to  be  required  in  practice.  .  .  .  The  work  forms  a  de- 
sirable addition  lo  the  library  not  only  of  the  works'  manager,  but  of  anyone  connected  with  gcaeral 
c iig I neering. ' ' — Mining  yourual. 

"A  formidable  mass  of  facts  and  figures,  readily  accessible  through  an  elaborate  index.  .  .  .  Such 
a  volume  will  be  found  ab».olutely  necessary  as  a  book  of  reference  in  all  sorts  ot  '  works  *  connected  wiib 
the  metal  trades." — Ryland^s  iron  Trades  Circular. 

"  Brimful  of  useful  information,  stated  in  a  concise  form,  Mr.  Button's  books  have  met  a  |M«ssias. 
want  among  engineers.  The  book  must  prove  extremely  useful  to  every  practical  man  posses»ii^  a 
cjpy." — Practical  Engineer, 

New  Manual  for  Practical  Engineers. 

The  PRACTICAL  ENGINEER'S  HANDBOOK,  Comprising  a 
Treatise  on  Modern  Engines  and  Boilers,  Marine,  Locomotive,  and  Stationary. 
And  containing  a  large  collection  of  Rules  and  Practical  Data  relating  to  recent 
Practice  in  Designing  and  Constructing  all  kinds  of  Engines,  Boilers,  and  other 
Engineering  work.  The  whole  constituting  a  comprehensive  Key  to  the  Board  of 
Trade  and  other  Examinations  for  Certificates  of  Competency  in  Modem  Mechanical 
Encineerin:^.  By  Walter  S.  Hdtton,  Civil  and  Mechanical  Engineer,  Author  o* 
**The  Works'  Manager's  Handbook  for  Engineers,"  &c.  With  upwards  of  370 
Illustrations  Fourth  Edition,  Revised,  with  Additions.  Medium  8vo,  nearly  50c 
pp.,  price  i8x.  strongly  bound. 

%^'  This  work  is  desigtted  as  a  companion  to  the  Author's  •*  WoRKs*  Manager's 
Handbook."  It  possesses  many  new  and  original  fcaiureSf  and  contains,  like  its  prede- 
cessor, a  quantity  of  matter  not  originally  intended  for  publication,  but  collected  by  the 
Autho}  J  or  his  own  use  in  the  construction  of  a  great  variety  of  Modern  Engineering 
Work. 

The  information  is  given  in  a  condensed  and  concise  form,  and  is  illustrated  by  up- 
wards of  370  IVoodcuts;  and  comprises  a  t/uantity  of  tabulated  nuxtter  of  great  value  to  all 
engaged  in  designing,  constructing,  or  estimating  for  ENGINES,  BOILERS,  and  OTHER 
Engineering  Work. 

*,*  Opinions  of  the  Press. 

"  We  have  kept  it  at  hand  for  several  weeks,  referring  to  it  as  occasion  arose,  and  we  have  not  on  a 
s<ng1e  occasion  consulted  its  pages  without  finding  the  information  of  which  we  were  in  quest." 
Athenatum. 

"  A  thoroughly  good  practical  handbook,  which  no  engineer  can  go  through  without  learning  some* 
thing  that  will  be  of  service  to  him." — Marine  Engineer. 

"  An  excellent  book  of  reference  for  engineers,  and  a  valuable  text-book  for  students  of  engineer- 
ing."— Scotsman. 

"  This  valuable  manual  embodies  the  results  and  experience  of  the  leading  authorities  on  mechanica> 
engineering." — Building  Nervs. 

"Tne  author  has  collected  together  a  surprising  quantity  of  rules  and  practical  data,  and  has  shown 
much  ju  igment  in  the  selections  he  has  made.  •  .  .  There  is  no  doubt  that  this  book  is  one  of  the 
most  u^e'ul  of  its  kind  published,  and  will  be  a  very  popular  compendium." — Engineer. 

"  A  mass  of  information,  set  down  in  simple  language,  and  in  such  a  form  that  it  can  be  easily  referred 
to  at  any  time.  1  he  matter  is  uniformly  good  and  well  chosen,  and  is  greatly  elucidated  by  the 
illustrations.  The  book  will  find  its  way  on  to  most  engineers'  shelves,  where  it  wiil  rank  as  one  of  the 
moat  useful  books  of  reference." — Practical  Engineer, 

'*  Kiill  of  useful  information,  and  should  be  found  on  the  office  shelf  of  all  practical  engineers."-* 
English  Mechanic. 
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MR.  BUTTON'S  PRACTICAL  BJM'DBOOKS— continued. 


Practical  Treatise  on  Modern  Steam-Boilers. 

Steam    boiler   Construction,      a    Practical    Handbook  for 

Engineers,  Boiler- Makers,  and  Steam  Users.  Containing  a  large  Collection  of 
Rules  and  Data  relating  to  Recent  Practice  in  the  Design,  Construction,  and  Work- 
ing of  all  Kinds  of  Stationary,  Locomotive,  and  Marine  Steam- Boilers.  By  Walter 
S.  HUTTON,  Civil  and  Mechanical  Engineer,  Author  of  "The  Works'  Manager's 
Handbook,**  **Thc  Practical  Engineer's  Handbook,"  &c.  With,  upnrards  of  ^Do 
Illustrations.     Second  Edition,  medium  8vo,  i8j.  cloth. 

C3r  This  Work  is  issued  in  contintiation  of  the  Series  of  Handbooks  written  by 
/Ar  .r^  w/Z/^r,  w«;—**  The  Works' Manager's  Handbook"  and  "The  Practical 
Engineer's  Handbook,*'  which  are  so  highly  appreciated  by  Engineers  for  the  practical 
nature  of  their  information  ;  and  is  consequently  written  in  the  same  style  as  those  works. 

The  Author  believes  that  the  concentration,  in  a  convenient  form  for  easy  reference t 
of  such  a  large  amount  of  thoroughly  practical  information  on  Steam- Boilers,  will  be  of 
considerable  service  to  those  for  whom  it  is  intended,  and  he  trusts  tht  book  may  be  deemed 
'worthy  of  as  favourable  a  reception  as  has  been  accorded  to  its  predecessors, 

*»•  Opinions  of  the  Press. 

"  Every  detail,  both  in  boiler  design  and  management,  is  cleirly  laid  be'bre  the  reader.  The  volume 
shows  that  boiler  construction  has  been  reduced  to  the  condition  of  one  of  the  most  exact  sciences  ;  and 
such  a  book  is  of  the  utmost  value  to  the  ^n  de  sHcle  Engineer  and  Works'  Manager." — Marine 
JRnginetr, 

"There  has  long  been  room  for  a  modem  handbook  on  steam  b)ilers;  there  is  not  that  room  now, 
because  Mr.  Hutton  has  filled  it  It  is  a  thoroughl  f  practical  book  for  those  who  are  occupied  in  the 
construction,  design,  selection,  or  use  of  boilers." — Engineer. 

"  The  book  is  of  so  important  and  comprehensive  a  character  that  it  must  find  its  way  into  the 
libraries  of  every  one  interested  in  boiler  using  or  bsiler  maoufacture  if  they  wish  to  be  thoroughly  in~ 
formed.    We  strongly  recommend  the  book  for  the  intrinsic  value  of  its  cootenXs.*' —Machintry  Mafket^ 

"The  value  ot  this  book  can  hardly  be  over-^timated.     The  author's  rules,  formulae,  &c.,  are  all 
very  fresh,  and  it  is  impossible  to  turn  to  the  work  and  not  find  what  you  want.    No  practical  engineer- 
should  be  without  it." — Colliery  Guardian, 

Mutton's  "Modernised  Templeton/' 

The  Practical  mechanics'  Workshop  Companion.  Com- 
prising a  great  variety  of  the  most  useful  Rules  and  Formulae  in  Mechanical. 
Science,  with  numerous  Tables  of  Practical  Data  and  Calculated  Results  for 
Facilitating  Mechanical  Operations.  By  William  Templeton,  Author  of 
"The  Engineer's  Practical  Assistant,"  &c.  &c.  Sixteenth  Edition,  Revised, 
Modernised,  and  considerably  Enlarged  by  Walter  S.  Hutton,  C.E.,  Author  of 
**The  Works*  Manager's  Handbook,"  "The  Practical  Engineer's  Handbook," 
&c.  Fcap.  8vo,  nearly  500  pp.,  with  8  Plates  and  upwards  of  250  Illustrative 
Diagrams,  dr.  strongly  bound  for  workshop  or  pocket  wear  and  tear. 

*»•  Opinions  of  the  Press. 

*'  In  its  modernised  form  Hutton*s  *  Templeton '  should  have  a  wide  sale,  for  it  contains  much  . 
valuable  information  which  the  mechanic  will  often  find  of  u»e,  and  not  a  few  tables  and  notes  which  he 
might  look  for  in  vain  in  other  works.  This  modernised  edition  will  be  appreciated  by  all  who  have  learned 
to  value  the  original  editions  of  *Temp'elon.' " — Englith  Mechanic. 

"It  has  met  with  grrat  success  in  the  engineering  workshop,  as  we  can  testify;  and  there  are  a 
great  many  men  who,  in  a  great  measure,  owe  their  rise  in  life  to  this  little  book.'  — Building  News. 

"  This  familiar  text- book — well  known  to  all  mechanics  and  engineers — is  of  essential  service  10  the 
every-dajr  requirements  of  engineers,  millwrights,  and  the  various  trades  connected  with  engineering 
and  building.  The  new  modernised  edition  is  worth  its  weight  in  gold."— Bui/ding  News.  (5econ«l 
Notice.) 

**  This  well-known  and  largely-used  book  contains  information,  brought  up  to  date,  ^f  the  sort  <o 
useful  to  the  foreman  and  draughtsman.  So  much  fresh  information  has  been  introduced  as  to  const i- 
tute  it  piactically  a  new  book.     It  will  be  largely  used  in  the  office  and  workshop." — Mechanical  World. 

"  The  publishers  wisely  entrusted  the  task  of  revision  of  this  popular,  valuable,  and  useful  book  10  • 
Mr.  Huttou.  than  whom  a  more  competent  man  they  could  not  have  found." — Iron, 

Tempieton's  Engineer's  and  Machinist's  Assistant 

THE  ENGINEER'S,  MILLWRIGHTS,  AND  MACHINIST'S  PRAC- 
TICAL ASSISTANT.  A  collection  of  Useful  Tables,  Rules,  and  Data.  By 
William  Templeton.     Seventh  Edition,  with  Additions.     iSnio,  zr.  6d,  cloth. 

%*  Opinions  of  the  Press. 

"  Occupies  a  foremost  place  among  books  of  this  kind.    A  more  suitable  present  to  an  apprentice  tO' 
any  of  the  mechanical  trades  could  not  possibly  be  m^de.**— Building  Newt. 

*'  A  deservedly  popular  work.  It  should  be  in  the  *  drawer '  of  every  mechanic.  **— English  Mechanic. 
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Foley's  Office  Reference  Book  for  Meohanical  Engineers. 

THE  MECHANICAL  ENGINEER'S  REFERENCE  BOOK,  for  Machine 
and  Boiler  Construction.  In  Two  Parts.  Part  I.  General  ENGiNEERn«G 
Data.  Part  II.  Boiler  Construction.  With  51  Plates  and  numerous  Illns- 
trations.    By  Nelson  Foley,  M.I.N.  A.    Folio,  £$  $/.  half-bound. 


Summary  of  Contents. 

PART  1. 

Cemtre  and  Radius  of  Gtration. 

Moment  of  Inertia. 

Centre  of  Oscillation. 

Electricity. 

Strength  of  Materials. 

Elasticity. 

Test  Sheets  of  Metals. 

Friction. 


Msasures. 

Circumferences  and  Areas,  ftc,  Squares, 

Cubes,  Fourth  Powers. 
Square  and  Cube  Roots. 
Surface  of  Tubes. 
Reciprocals. 
Logarithms. 
^Mensuration. 

Specific  Gravities  and  Weights.  Transmission  of  Power. 

Work  and  Power.  i     Flow  of  Liquids. 

Heat.  i    Flow  of  Gases. 

Combustion.  Air  Pumps,  Surface  Condensers,  See. 

Expansion  and  Contraction.  i    Speed  of  Steamships. 

Expansion  of  Gases.  I     Propellers. 

Steam. 

Static  Fo"»cfs. 
Gravitation  and  Attraction. 


Cutting  Tools. 

Flanges. 

Copper  Sheets  and  Tubes. 


Motion    and    Computation    of    Resulting       Screws,  Nuts.  Bolt  Heads,  fte. 

Forces.  •    Various  Recipes  and  Miscellaneous  Mattkm. 

Accumulatfd  Work.  I 

With  DIAGRAMS  for  Valve-Gear.  Belting  and   Ropes,  Discharge  and  Suction   Pipes, 
Screw  Propellers,  and  Copper  Pipes. 

PART  H. 

Treating  op,  Power  of  Boilers.  Screws. 

Useful  Ration..  Hydraulic  Tests. 

Notes  on  Construction.  I    Rivet4ng. 

Cylindrical  Boiler  Shells.  I    Boiler  Setting,  Chimneys,  and  Mountings. 

Circular  Furnaces.  ,    Fuels,  &c. 

Flat  Plates.  I    Examples  of  Boilers  and  Speeds  of  Steam- 
Stays.  SHIPS. 

GiRPKRS.  1    Nominal  and  Normal  Horse  Power. 

With  DIAGRAMS  for  all  Boiler  Calculations  and  Drawings  of  many  Varieties  op  Boilers. 

•»•  Opinions  of  the  Prfss. 

"  This  appears  to  be  a  work  for  which  there  should  be  a  large  demand  on  the  part  of  mechanical 
engineers.  It  is  no  easy  matter  to  compile  a  book  of  this  class,  and  the  labour  involved  is  enormoos, 
particularly  when— as  the  author  informs  us— the  majority  of  the  tables  and  diagrams  have  been 
specially  prepared  for  the  work.  The  diagrams  are  exceptionally  well  executed,  and  generally 
constructed  on  the  method  adopted  in  a  previous  work  bv  the  same  author.  .  .  The  tables  ate 
very  numerous,  and  deal  with  a  greater  variety  of  subjects  than  will  generally  be  found  in  a  work  oi 
tills  kind ;  they  have  evidently  been  compiled  with  great  care  and  are  unusually  complete.  All  the 
information  givrn  appears  to  be  well  up  to  date.  ...  It  would  be  quite  impossible  within  the 
limits  at  our  disposal  to  even  enumerate  all  the  subjects  treated ;  it  should,  however,  be  mentioned 
that  the  author  does  not  con6ne  himself  to  a  mere  bald  statement  of  formulas  and  laws,  bat  in  very 
many  instances  shows  succinctly  how  these  are  derived.  .  .  .  The  latter  part  of  the  book  is 
devoted  to  diai^rams  reLiting  to  Boiler  Construction,  and  to  nineteen  beautifully-executed  plates  ot 
working  drawings  of  boilers  and  their  details.  As  samples  of  how  such  draw^ings  should  be  ffot  out. 
they  may  be  cotdially  recommended  to  the  attention  of  all  young,  and  even  some  elderly,  engioeers. 
.  .  .  Altogether  the  book  is  one  which  eveiy  mechanical  engineer  may,  with  advantage  to  hituseit 
add  to  his  library." — Industries. 

"  Mr.  Foley  is  well  fitted  to  compile  such  a  work.  .  .  .  The  diagrams  are  a  great  feature  of  the 
work.  .  .  .  Regarding  the  whole  work,  it  may  be  very  ftiirlv  stated  that  Mr.  Foley  has  produced  a 
volume  which  wiU  undoubtedly  fulfil  the  desire  of  the  author  and  become  indispensable  to  all  mechanical 
engineers.'*  -  Maritu  Eng^inter. 

**  We  have  carefully  examined  this  work,  and  p*-onounce  it  a  most  excellent  reference  book  for  the 
use  of  marine  engineers."— ^^^wrwa/*/"  Americnn  Society  of  Hmval  Engiuttrs. 

"  A  veritable  monument  of  industry  on  the  part  of  Mr.  Foley,  who  has  succeeded  in  pvoducing  what 
is  firopiy  invaluable  to  the  engineering  profession." — Sttamikip. 

Coal  and  Speed  Tables, 

A  POCKET  BOOK  OF  COAL  AND  SPEED  TABLES,  for  Engineers 
and  Steam-users.  By  Nelson  Foley,  Author  of  "The  Mechanical  EDgineer's 
Reference  Book."    Pocket-size,  ys.  6d.  cloth. 

"  These  tables  are  designed  to  meet  the  requirements  of  every*day  use ;  they  are  of  sufficient  scope 
for  most  practical  purposes,  and  may  be  commended  to  engineers  and  users  of  steam.'* — Iron, 

'*  This  pocket-book  well  merits  the  attention  of  the  practical  engineer.  Mr.  Foley  has  compiled  a 
very  iijteiul  set  of  tables,  the  information  cont  fined  in  which  is  frequently  required  by  engineers,  coal 
consumers,  aid  users  of  steam."— /rms  ami  Coat  Ttaies  RroUnt. 


MECtiANlCAL  ENGINEERING,  &*c. 


Steam  Engine. 

Text-Book  on  the  Steam  Engine,    with  a  Supplement  on 

Gas  Engines,  and  Part  II.  on  Heat  Engines.  ByT.  M.  Goodeve,  M.A., 
Barrister-at-Law,  Professor  of  Mechanics  at  the  Royal  College  of  Science,  London ; 
Author  of  "The  Principles  of  Mechanics,"  "The  Elements  of  Mechanism," 
&c.  Twelfth  Edition,  Enlarged.  With  numerous  Illustrations.  Cruwn  8vo, 
6s,  cloth. 

"Professor  Goodeve  has  given  us  a  treatise  on  the  steam  engine,  which  will  bear  comparison  with 
an^rthing  written  by  Huxlev  or  Maxwell,  and  we  can  award  it  no  higher  pn\se.**-~£figiMetr. 

**  Mr.  Goodeve's  text*book  is  a  work  of  which  every  young  engineer  should  possess  himself." — 
ATining  Journal, 

Gaa  Engines. 

On  Gas  Engines,   with  Appendix  describing  a  Recent  Engine  with 

Tnbe Igniter.  ByT.  M.  Goodeve,  M.A.  Crown 8vo,  2j.  6</.  cloth.  \Jtist published. 

*'  Like  all  Mr.  Goodeve's  writings,  the  present  is  no  exception  in  point  of  general  excellence.  It  is 
a  valuable  little  ^o\\xxR!t:*—Mtchanical  World. 

Steam  Engine  Design. 

A  Handbook  on  the  Steam  Engine,  with  especial  Reference 

to  Small  and  Medium-sized  Engines.  For  the  Use  of  Engine  Makers,  Mechanical 
Draughtsmen,  Engineering  Students,  and  Users  of  Steam  Power.  By  Herman 
Haeder,  C.E.  English  Edition,  Re-edited  by  the  Author  from  the  Second 
German  Edition,  and  Translated,  with  considerable  Additions  and  Alterations,  by 
H.  H.  P.  PowLES,  A.M.I.C.E.,  M.l.M.E.  With  nearly  i.ioo  Illustrations. 
Crown  8vo,  9j.  cloth. 

*' A  ^rfect  encyclopaedia  of  the  steam  engine  and  its  details,  and  one  which  must  uke  a  permanent 
place  in  English  drawing-offices  and  worki^hops."— ^  Foreman  Pattern-maker. 

**  This  is  an  excellent  book,  and  should  be  in  the  hands  of  all  who  are  interested  in  the  <;onstructioa 
and  design  of  medium-sized  stationary  encines.  ...  A  careful  study  of  its  contents  and  the  arrnoge- 
ment  of  the  sections  leads  to  the  conclusion  tha»  there  is  probably  no  other  book  like  it  in  this  country. 
The  volume  aims  at  showing  the  resulis  of  practical  experience,  and  it  certainly  may  claim  a  complete 
achievement  of  this  idea."— A^a/i#fv. 

"  There  can  be  no  question  as  to  its  value.  We  cordially  commend  it  to  all  concerned  in  the 
design  and  construction  of  the  steam  engine."— if  ^cAaniVa/  World, 

Steam  Boilers. 

A  TREATISE  ON  STEAM   BOILERS  :  Their  Strength,  Construction, 

and  Economical  Working.    By  R.  Wilson,  C.E.     Fifth  Edition.     i2mo,  dr.  cloth. 

"The  best  treatise  that  has  ever  been  published  on  steam  boilers." — Engipieer, 
"  The  author  shows  himself  perfect  master  of  his  subject,  and  we  heartily  recommend  all  employing 
steam  pow^r  to  possess  thenuelves  of  the  work,**— Xylofufs  Iron  Trade  Circular, 

Boiler  Chimneys. 

BOILER   AND    FACTORY  CHIMNEYS  :   Their  Draught-Power  and 
Stability.  With  a  Chapter  on  Lightning  Conductors,  By  Robert  Wilson,  A.I. C.E. , 
Author  of  **A  Treatise  on  Sieam  Boilers,"  &c.     Second  Edition.     Crown  8vc, 
3J.  td,  cloth. 
"  A  valuable  contribution  to  the  literature  of  scientific  building.'*— TAr  Builder, 

Boiler  Making. 

THE    BOILER-MAKER'S    READY    RECKONER    AND    ASSISTANT. 
With  Examples  of  Practical  Geometry  and  Templating,  for  the  Use  of  Platers, 
Smiths,  and  Riveters.     By  John  Courtney,  Edited  by  D.  K.  Clark,  M.I. C.E. 
Third  Edition,  480  pp.,  with  140  Illustrations.     Fcap.  8vo,  Js.  half-bound. 
**  No  workman  or  apprentice  should  be  without  this  book." — Iron  Trade  Circular. 

Looomotiue  Engine  Development 

The  Locomotive  Engine  and  its  Development,    a  Popular 

Treatise  on  the  Gradual  Improvements  made  in  Railway  Engines  between 
1803  and  1893.  By  Clement  E.  Stretton,  C.E.,  Author  of  "Safe  Railway 
Working,"  &c.  Second  Edition,  Revised  and  much  Enlarged.  With  95  Illus- 
trations.    Crown  8vo,  3^.  6d,  cloth.  [7^^  published. 

"Students  of  railway  history  and  all  who  are  interested  in  the  evolution  of  the  modem  locomotive 
will  find  much  to  attract  and  entertain  in  this  volume."  -  The  Times. 

"  The  author  of  this  work  is  well  known  to  the  railway  world,  and  no  one,  probably,  has  a  better 
knowledge  of  the  history  and  development  of  the  locomotive.  The  volume  before  us>  should  be  of 
value  to  ail  connected  with  the  railway  system  of  this  country."— ^^at«r«.     . 


Ci:OSBY  LOCKWOOD  &»  SON'S  CATALOGUE. 


Fire  Engineering. 

Fires,  Fire-engines,   and  Fire-brigades,    with  a  History 

of  Fire- Engines,  their  Construction,  Use,  and  Management ;  Remarks  oa  Fire-Proof 
Buildings,  and  the  Preservation  of  Life  from  Fire  ;  Statistics  of  the  Fire  Appliances 
in  English  Towns  ;  Foreign  Fire  Systems ;  Hints  on  Fire- Brigades,  &c.  &c.  By 
Charlrs  F.  T.  Young,  C.E.  Wiih  numerous  Illustrations,  544  pp.,  demy  8vo, 
;f  I  4J-.  cloth. 

'*  To  such  of  our  readers  a«  are  interested  in  the  subject  of  fires  and  fire  apparatus,  ire  can  moa 
hi^rtily  comineod  this  book.     It  is  really  the  only  English  work  we  now  have  upoa  the  subjiecK.'*-' 

"it  displays  much  evidence  of  careful  research,  and  Mr.  Young  has  put  his  facts  ne«tiy  toctflbcr. 
His  acauaintance  with  the  practical  deuils  of  the  construction  of  steam  fire  engines,  old  and  new.  and 
the  conditions  with  which  it  is  necessary  they  should  comply,  is  accurate  and  full.  — Engineer. 

Estimating  for  Engineering  Worii,  Ac. 

ENGINEERING    ESTIMATES,  COSTS,  AND    ACCOUNTS :    A  Gaide 

to  Commercial  Engineering.  With  numerous  Examples  of  Estimates  and 
Costs  of  Millwright  Work,  Miscellaneous  Productions,  Steam  Engines  and  Steam 
Boilers  ;  and  a  Section  on  the  Preparation  of  Costs  Accounts.  By  A  Gkneral 
Manager.     Demy  8vo,  12s.  cloth. 

"  Tills  is  aa  excellent  and  very  useful  book,  covering  subject-matter  in  constant  requisition  in 

every  factory  auid  workshop The  book  is  invaluable,  not  only  to  the  young  engineer,  but 

also  to  the  estimate  depariroeat  of  every  works  "—Builder. 

"  We  accord  the  work  unqualified  praise.  The  information  is  given  in  a  plain,  Mraightforward 
manner,  and  bears  throughout  evidence  of  the  intimate  practical  acquaintance  of  the  author  with 
every  pbrase  of  commercial  vof^aMKxng."— Mechanical  World, 

Engineering  Construction. 

Pattern-Making  :  A  Practical  Treatise,  embracing  the  Main  Types 
of  Engineering  Construction  and  including  Gearing,  both  Hand  and  Machine-made, 
Engine  Work,  Sheavea  and  Pulleys,  Pipes  and  Columns,  Screws,  Machine  Paru, 
Pump?  and  Cocks,  the  Moulding  of  Patterns  in  Loam  and  Greensaiid,  &c.;  together 
with  the  methods  of  Estimating  the  weight  of  Castings  ;  to  which  is  added  an  Appen- 
dix of  Tables  for  Workshop  Reference.  By  A  Foreman  Pattern -Maker. 
Second  Edition,  thoroughly  Revised  and  much  Enlarged.  With  upwards  of  450 
Illustrations.    Crown  8vo.  71.  dd.  cloth.  \ynst  published. 

"  A  well-written  technical  guide,  evidently  written  by  a  man  who  underatands  and  has  practised 

what  he  has  written  about We  cordially  recommend  it  to  engineering  stadcnts,  youog 

journsymen,  and  othen  desiroui  of  being  initiated  into  the  m]r»teries  of  pattern- making.** — BmtUer. 

"  More  than  370  illufctrationt  help  to  explain  the  text,  which  is,  however,  always  clear  and  expUcif* 
thus  rendering  the  work  an  exceUeot  vmde  mecttm  for  the  apprentice  who  desires  to  become  master  of  his 
trade." — Eptz^ish  Mechanic, 

Dietionary  of  Meohanical  Engineering   Terms. 

LOCKWOOD'S  DICTIONARY  OF  TERMS  USED  IN  THE  PRACTICE 
OF  Mechanical  Enqineerino,  embracing  those  current  in  the  Drawing  Office, 
Pattern  Shop,  Foundry,  Fitting,  Turning,  Smiths',  and  Boiler  Shops,  &c.  &c. 
Comprising  upwards  of  6,000  definitions.  Edited  by  A  Foreman  Pattekn- 
Makbb,  Author  of  "  Pattern  Making."  Second  Edition,  Reyiscd,  with  Additions. 
Crown  8vo,  Js.  6d.  cloth. 

"Just  the  sort  of  handy  dictionary  required  by  the  Tarious  trades  engaged  in  mechanical  engipeer 
ing.  The  pract-cAl  engineering  pupil  will  find  the  book  of  great  value  in  his  studies,  and  every  foreflian 
engineer  and  mechanic  should  have  a  copy." — Buiiding  News. 

"  One  of  the  most  useful  books  which  can  be  presented  to  a  mechanic  or  student.*' — Engl^ 
Mechanic. 

"  Not  merely  a  dictionary,  but,  to  a  certain  extent,  also  a  most  valuable  guide.  It  strikes  us  as  t 
happy  idea  to  combine  with  a  dehnition  of  the  phrase  usehil  information  on  the  subject  of  which  it 
treats." — Machinery  Market. 

Mill  Gearing. 

Toothed  Gearing  :  a  Practical  Handbook  for  Offices  and  Work- 
shops.  By  A  Foreman  Pattern  Maker^  Author  of  "Pattern  Makings" 
''L^ckwood's  Dictionary  of  Mechanical  Engineering  Terms,"  &c.  With  1S4 
Illustrations.    Crown  8vo,  6j.  cloth.  [JUst  ptMishid, 

Summary  of  Contents. 

Chap.  I.  Principlbs— II.  Formation  or 
Tooth  Profiles. — III.  Proportions  ofTkkth. 
— IV.  MsTHODS  OF  Making  Tooth  Forms. — 
V.  Involute  Tkbth.- -VI.  Some  Special  Tooth  ,  Gears.— XVI.  Machine  Moulding  Gears.-* 
Forms.— VII.  Bevel  Wheels.— VIII,  Screw  |  XVII,  Machine  Cut  Gears.— XVIII.  Propo»- 
Gears.  —  IX.    Worm     Gears.  —  X.    Hrlical  ,     tion  of  Wheels. 

"We  muu  five  the  book  our  unqualified  praise  for  it*  thoroughness  oi  treatment  aiul  we  O^ 
heartily  recommepd  it  to  aJl  inteceacet)  aa  the  moftt  practical  boc^  OQ  the  iuhject  yet  written. "" 
Mechnnical  IVerU* 


Wheels.-  -XI.  Skew  BBVELS.~Xn.  Variable 
AND  other  Gears.— XIII.  Diambtrical  Pitch. 
—  XIV.    The    Ooontooraph.  —  xV.    Pattwm 


MECHANICAL  ENGINEERING,  6*r. 


Stone-working  Machinery. 

Stone-Working    machinery,  and  the  Rapid  and  Economical 

Conversion  of  Stone.  With  Hints  on  the  Arrangement  and  Management  of  Stone 
Works.     By  M.  Powis  Balk,  M.I.M.E.     With  Illustrations.     Crown  8vo,  9J. 

"The  book  should  be  in  the  hands  of  every  mason  or  student  of  stonework.*' — Collitry  Guardian. 
**  A  capital    handbook  for  ail  who  manipulata  stone  for   building  or  ornamental  purposes." — 
MfrLch'.ntry  Market, 

Pump  Construction  and  Management 

Pumps  and  pumping  :  a  Handbook  for  Pump  Users.  Being 
Notes  on  Selection,  Construction,  and  Management.  By  M.  Powis  Bale, 
M.I.M.E.,  Author  of  "Woodworking  Machinery,"  **Saw  Mills,"  &c  Second 
Edition,  Revised,     Crown  8vo,  2s.  6d,  cloth. 

**  The  matter  is  set  forth  as  concisely  as  possible.  In  fact,  condensation  rather  than  diffaseness 
tias  been  the  author's  aim  throughout ;  yet  he  does  not  seem  to  have  omitted  anything  likely  to  be  of 
*ise."—jfournal  of  Gas  Lighting, 

**  rhoroughly  practical  and  simply  and  clearly  written."— G/as^ow  Herald. 

Ml/ling  Machinery,  Ac. 

Milling   Machines  and   Processes  :    A  Practical  Treatise 

on  Shaping  Metals  by  Rotary  Cutters.  Including  Information  on  Making  and 
Grinding  the  Cutters.  By  Paul  N.  Hasluck.  Author  of  •*  Lathe- Work," 
•*  Handybooks  for  Handicrafts,"  &c.  With  upwards  of  300  Engravings,  including 
numerous  Drawings  by  the  Author.     Large  crown  8vo,  352  pages,  125.  6d,  cloth. 

'*  A  new  departure  in  engineering  literature.  .  .  .  We  can  recommend  this  work  to  all  interested 
«n  milling  machines ;  it  is  what  it  professes  to  be— a  practical  tnaiUsc."—£iigimter. 

"  A  capital  and  reliable  book  which  will  no  doubt  be  of  considerable  service  boih  to  those  who  are 
Already  acquainted  with  the  process  as  well  as  10  tnose  who  contemplate  iu  zdoptiaxu'* —/ndnttrig*. 

Turning. 

Lathe-Work  :  a  Practical  Treatise  on  the  Tools,  Appliances,  and 
Processes  employed  in  the  Art  of  Turning.  By  Paul  N.  HAiiLUCK.  Fourth 
Edition,  Revised  and  Enlarged.     Crown  8vo,  5;.  cloth. 

*'  Written  by  a  man  who  knows  not  only  how  work  ought  to  be  done,  but  who  also  knows  how  to  do 
tC,  and  how  to  convey  his  knowledge  to  others.  To  ail  turners  this  book  would  be  valuable." — Eng^nferinji , 

**  We  can  safely  recommend  the  work  to  young  engineers.  To  ihe  amateur  it  will  simply  be  invalu- 
able.   To  the  student  it  will  convey  a  great  deal  of  useful  information."— ^//^iVt^cr. 

Screw-Cutting. 

SCREW  THREADS:    And   Methods   of    Producing  Them.       With 

numerous  Tables  and  complete  Directions  for  using  Screw-Cutting  lathes.  By 
Paul  N.  Hasluck,  Author  of  **  Lathe- Work,*'  &c.  With  Seveniy-four  Illustra- 
tions.   Third  Edition,  Revised  and  Enlarged.     Waistcoat-pocket  size,  is.  6d.  cloth. 

"  Full  of  useful  information,  hints  and  practical  criticism.  Taps,  dies,  and  screwing  tools  generally 
-are  illustrated  and  their  action  described." — Mechanual  If^arld. 

"It  is  a  complete  compendium  of  all  the  details  of  the  screw-cutting  lathe  ;  in  fact  a  mulfitm-im- 
^rvo  on  all  the  subjects  il  treats  upon."— Car//x//r  and  Builder. 

Smith's  Tabiea  for  Mechanics,  &c. 

TABLES,  MEMORANDA,  AND  CALCULATED  RESULTS,  FOR  Me- 
chanics, Engineers,  architects,  builders,  &C.  Selected  and  Arranged 
•by  Francis  Smith.  Fifth  Edition,  thoroughly  Revised  and  Enlarged,  with  a  New 
"Section  of  Electrical  Tables,  FoRMULiC,  &  Memoranda.  Waistcoat-pocket 
size,  is,  td,  limp  leather. 

"  It  would,  perhaps,  be  as  difficult  to  make  a  small  pocket-book  selection  of  notes  and  formulae  to 
'•uit  ALL  engineers  as  it  would  be  to  make  a  universal  medicine ;  but  Mr.  Smith's  waistcoat-pocket  col- 
lection may  be  looked  upon  as  a  successful  attempt." — En^inter. 

'*  The  best  example  we  have  ever  seen  of  370  pages  of  useful  matter  packed  into  the  dimensions  of  a 
card-case." — Building  News,  *'  A  veriuble  pocket  treasury  of  knowledge." — Iron. 

French'Engiish  Glossary  for  Engineers,  &c. 

A  POCKET  GLOSSARY  OF  TECHNICAL  TERMS  :  ENGLISH- 
French,  French- English  ;  with  Tables  suitable  for  the  Architectural,  Engineer- 
ing, Manufacturing,  and  Nautical  Professions.  By  John  James  Fletcher,  Engineer 
and  Surveyor.  Second  Edition,  Revised  and  Enlarged,  200  pp.  Waistcoat-poeket 
size,  IS,  6(/.  limp  leather, 

"  It  is  a  very  great  advantage  for  readers  and  correspindenis  in  France  and^  England  to  have  so 
large  a  number  of  the  words  relating  to  engineering  and  manufacturers  collected  in  a  Iiliputian  volume. 
The  little  book  will  be  uwful  both  to  students  and  travellers."— /4r^4tV«:^ 

"  The  glofsary  of  terms  is  very  complete,  and  many  of  the  Tables  are  new  and  well  arraoged 
We  cordially  commend  the  \to6k.*'—Meckamical  World, 
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Year-Book  of  Engineering  Formulce,  do. 

The  ENGINEER'S  YEAR-BOOK  FOR  1894.    Comprising  Fonnnte 

Rules,  Tables,  Data  and  Memoranda  in  Civil,  Mechanical,  Electrical,  Maxine  and 
Mine  Engineering.  By  H.  R.  Kempe,  A.M. Inst. C.E.,  M.I.E.E.,  Tedinical 
Officer  of  the  Engineer-in- Chief's  Office,  (General  Post  Office,  LxHidon,  Aniiior  of 
•*A  Hindbook  of  Electrical  Testing,"  "The  Electrical  Engineer's  Pocket-Book,*' 
&:.  With  700  Illustrations,  specially  Ena;iaved  for  ihe  work.  Crown  8vo,  6co 
pages,  St.  leather.  [ynst  pubiisked. 

"  Represents  an  enormous  quantitj  of  wcrk,  and  forms  a  desirable  book  of  reference." — Thi 
Engineer. 

"  The  volume  is  distinctly  in  advance  of  most  timUar  publications  in  tbis  country/* — En^erhmf, 

**  This  valuable  and  well-designed  book  ot  reference  meets  the  demands  of  all  descriptions  of  caci- 
neer»." — Snturfay  Rrturw. 

'*  Teems  with  up-to-date  inrormation  in  every  branch  of  engineering  and  construction.*' — Bmldimg 
Newi, 

*'  The  needs  of  the  engineering  profession  could  hardlv  be  supplied  in  a  more  admirable,  complete- 
and  convenient  form.  To  say  that  it  more  than  sustains  ail  comparisons  is  praLie  uf  the  highest  soct, 
and  that  may  justly  be  said  o(  it."— A  fining'  youmai. 

"There  is  certainly  room  for  the  new  comer,  which  supplies  explanations  and  directions,  as  weik 
a^  formulae  and  tables.  It  deserves  to  become  one  of  the  most  successful  of  the  technical  annuals.'* — 
Archittct. 

"  Brings  together  with  great  skill  all  the  technical  information  which  an  engineer  has  to  use  day 
by  day.     It  is  in  every  way  admirably  equipped,  and  is  sure  to  prove  successful." — Scotsman, 

"The  up-to-datenes<  of  Mr.  Kerope's  compilation  is  a  quality  that  will  not  be  lost  on  the  busy 
people  for  whom  tl  e  work  is  intended.'*— C7/<i<^tc'  Herald, 

Portable  Engines. 

THE  PORTABLE  ENGINE  :  ITS  CONSTRUCTION  AND  MANAGE- 
MENT: A  Practical  Manual  for  Owners  and  Users  of  Steam  Engines  generally.  By 
William  Dyson  VVansbrough.   With  90  Illustrations.    Crown  8vo,  3^.  bd,  cloth. 

"This  is  a  work  of  value  to  those  who  use  steam  machinery.  .  .  .  Should  be  read  by  every  one 
who  has  a  steam  engine,  on  a  farm  or  elsewhere.*' — Afark  Lane  Ex/res*. 

"  We  cordially  commend  this  work  to  buyers  and  owners  of  steam  engines,  and  to  those  who  have  to 
do  with  their  construction  or  use." — Timber  Trades  youmetl* 

*'  Such  a  general  knowledge  of  the  steam-engine  as  Mr.  Wansbrough  furnishes  to  the  reader  should 
be  acquired  by  ail  intelligent  owners  and  others  who  use  the  steam  engine.'* — Building  AVn>r.  _ 

"  An  excellent  text*^x>k  of  thi«  useful  form  of  engine.  The  '  Hints  to  Purchasers '  contain  a  good 
deal  of  common-sense  and  practical  wisdo  n." — Engtish  Mechanic, 

Iron  and  Steel. 

"Iron  and  Steel"  :  A  Work  for  the  Forge,  Foundry,  Factory,. 

and  Office.  Containing  ready,  useful,  and  trustworthy  Information  for  Ironmasters 
and  their  Stock-takers  ;  Managers  of  Bar,  Rail,  Plate,  and  Sheet  Kollim;  Mills ; 
Iron  and  Metal  Founders  ;  Iron  Ship  and  Bridge  Builders ;  Mechanical,  Mining, 
and  Consulting  Engineers ;  Architects,  Contractors,  Builders,  and  Professional 
Draughtsmen.  By  Charles  Hoark,  Author  of  "The  Slide  Rule,"  &c.  Eighth 
Edition,  Revised  throughout  and  considerably  Enlarged.     32mo,  dr.  leather. 

*'  For  comprehensiveness  the  book  has  not  its  equal.*' — fmn. 
"  One  of  tne  best  of  the  pocket  books." — English  Mechanic. 

"  We  cordially  recommend  rhis  book  to  those  engaged  in  considering  the  details  ot  all  kinds  of  iron" 
and  steel  works." — Naval  Science. 

Elementary  Mechanics. 

Condensed  mechanics,     a  Selection  of  Formulae,  Rules,  Tables^ 

and  Data  for  the  Use  of  Engineering  Students,  Science  Classes,  &c.  In  accord- 
ance  with  the  Requirements  of  the  Science  and  Art  Department.  By  W.  G. 
Crawford  Hughes,  A.M.I.C.E.    Crown  8 vo,  2s,  6d.  cloth. 

"  The  book  is  well  fitted  for  those  who  are  either  confronted  with  practical  problems  in  their  work, 
or  are  preparing  for  examination  and  wish  to  refresh  their  knowledge  by  going  through  their  formule* 
again.  — Mann*  Engineer. 

"  It  is  well  arranged,  and  meets  the  wants  of  those  for  whom  it  is  intended."— '/^M/sMaj^  Nem. 

Steam. 

The  Safe  Use  of  Steam.     Containing  Rules  for  Unprofessional 

Steam-users.     By  an  Engineer*     Sixth  Edition.     Sewed,  6d, 
**  If  steam-users  would  but  learn  this  little  book  by  heart,  boiler  explosions  would  become  Sensations 
by  their  rarity."—  English  Mechanic. 

Warming. 

HEATING   BY    HOT   WATER  ;   with   Information  and  Suggestions 

on  the  best  Methods  of  Heating  Public,  Private  and  Horticultural  Buildings.     By 

Walter  Jone.s.     Second  Edition.     With  96  Illustrations,  crown  8vo,  2x.  6d,  neL 

.    "  We  confidently  recommend  all  interested  in  heating  by  hot  water  to  secure  a  copy  of  this 

valuable  little  treatise. *'^The  Plumber  and  Decorator. 


MECHANICAL   ENGINEERING,  6r-c. 


THE  POPULAR  WORKS  OF  MICHAEL  REYNOLDS 

("The  Engine  Driver's  Friend"). 

Locomotiue-Engine  Driuing. 

Locomotive-Engine  Driving  :  A  Practical  Manual  for  Engineers 
in  Charge  of  Locomotive  Engines.  By  Michael  Reynolds,  Member  of  the 
Society  of  Engineers,  formerly  Locomotive  Inspector,  L.  B.  and  S.  C.  R.  Ninth 
Edition.  Including  a  Key  to  the  Locomotive  Engine.  With  Illustrations  and 
Portrait  of  Author.     Crown  8vo,  4^.  6d,  cloth. 

*'  Mr.  Reynolds  has  supplied  a  want,  and  has  supplied  it  well.  We  can  confidently  recommend  the 
l»ook  not  only  to  the  practical  driver,  but  to  everyone  who  takes  an  interest  in  the  performance  of  loco* 
Tkotvre  cngint^,**—TA€  EngiMrer. 

''Mr.  Reynolds  has  opened  a  new  chapter  in  the  literature  of  the  day.  This  admirable  practical 
treatise,  of  the  practical  utility  of  which  we  have  to  speak  in  terms  of  warm  commendation." — Atketutum, 

*'  Evidently  the  work  of  one  who  knows  his  subject  thoroughly." — Railway  Service  Gazette. 

**  Were  the  cautions  and  rules  given  in  the  book  to  become  part  of  the  every-day  working  of  oua 
engine-drivers,  we  might  have  fewer  disuessing  accidents  to  deplore."— ^^-^^maw. 

Stationary  Engine  Driving, 

Stationary  engine  Driving  :  A  Practical  Manual  for  Engineers 
in  Charge  of  Stationary  Engines.  By  Michael  Reynolds.  Fifth  Edition, 
Enlarged.     With  Plates  and  Woodcuts.     Crown  8vo,  4J-.  6d,  cloth. 

"The  author  is  thoroughly  acquainted  with  his  subjects,  and  his  advice  on  the  various  points  treated 
is  clear  and  practical.  He  has  produced  a  manual  which  is  an  exceedingly  useful  one  for  the 

class  for  whom  it  is  specially  intended." — Engineering. 

•  '*  Our  anthor  leaves  no  stone  unturned.    He  is  determined  that  his  readers  shall  not  only  know 
something  about  the  stationary  engine,  but  all  about  it.'' — Engineer. 

*' An  engineman  who  has  mastered  the  contents  of  Mr.  Reynolds*s  book  will  require  but  little  actual 
experience  with  boilers  and  engines  befo  e  he  can  be  trusted  to  look  after  iticm,**— English  Mechanic. 

The  Engineer,  Fireman,  and  Engine-Boy. 

The  model  locomotive  engineer,  fireman,  and  ^engine- 

BOY.  Comprising  a  Historical  Notice  of  the  Pioneer  Locomotive  Engines  and  their 
/      Inventors.      By  Michael  Reynolds.     With  numerous  Illustrations,  and  a  fine 
1  ortrait  of  George  Stephenson.     Crown  8vo,  \s.  6d.  cloth. 

*'  From  the  technical  knoa-ledee  of  the  author,  it  will  appeal  to  the  railway  man  of  to-day  more  forcibly 

than  anything  written  by  Dr.  Smiles The  volume  contains  information  of  a  technical  kind^ 

and  facts  that  every  driver  should  be  familiar  yni^i."— English  Mechanic. 

'*  We  should  be  glad  to  see  this  book  in  the  possession  of  everyone  in  the  kingdom  who  has  ever 
laid,  or  is  to  lay,  hands  on  a  locomotive  engine.''— /rv». 

Continuous  Railwau  Braliea. 

Continuous  Railway  brakes  :  a  Practical  Treatise  on  the 
several  Systems  in  Use  in  the  United  Kingdom  :  their  Construction  and  Perform- 
ance. With  copious  Illustrations  and  numerous  Tables.  By  Michael  Reynolds* 
Large  crown  8vo,  91.  cloth. 

"  A  popular  explanation  of  the  different  brakes.  It  will  be  of  ^reat  assistance  in  forming' publia 
opinion,  and  will  be  studied  with  benefit  by  those  who  take  an  interest  in  the  brake." — English  Mechanic 

'*  Written  with  sufficient  technical  deuil  to  enable  the  principal  and  relative  connection  of  the  various 
parts  of  each  particular  brake  to  be  readily  grasped.*' — Mechanical  IVorld, 

Engine-Driving  Life. 

Engine-Driving   Life  :  Stirring  Adventures  and  Incidents  in  the 

Lives  of  Locomotive  Engine- Drivers.  By  Michael  Reynolds.  Third  and 
Cheaper  Edition.     Crown  8vo,  is.  6d,  cloth.  [Just  publuhtd^ 

"  From  first  to  last  perfectly  fascinating.  Wilkie  Collins's  most  thrilling  conceptions  are  thrown  iattt 
the  shade  by  true  incidents,  endless  in  their  variety,  related  in  every  page." — North  British  Mail. 

**  Anyone  who  wishes  to  get  a  real  insight  into  railway  life  cannot  do  better  than  read  *  Engine  • 
Driving  Life'  for  himself,  and  if  he  once  takes  it  up  he  will  find  that  the  author's  enthusiasm  and  reaf 
love  of  the  engine-driving  profession  will  carry  him  on  till  he  has  read  every  page." — Saturday  Review, 

Pocket  Companion  for  Enginemen. 

The  ENGINEMAN'S  pocket  Companion  and  Practical  Educator 
for  Enginemen,  Boiler  Attendants,  and  Mechanics.  By  Michael  Reynolds. 
With  Forty-five  Illustrations  and  numerous  Diagrams.  Third  Edition,  Revised » 
Royal  i8mo,  3^.  6//.  strongly  bound  for  pocket  wear. 

"  This  admirable  work  is  well  viited  to  accomplish  its  object,  being  the  honest  workmanship  of  a 
competent  engineer." — Glasgow  Herald. 

*'A  most  meritorious  work,  giving  in  a  succinct  and  practical  form  all  the  information  an  engine- 
minder  desirous  of  mastering  the  scientific  princ  pies  of  his  daily  calling  would  reauire." — The  Miller. 

**A  boon  to  those  who  are  striving  to  become  efficient  mechanics." — Daily  Ckr^nicle,  . 


lo  CROSBY  LOCiTfVOOD  <&*  SON'S  CATALOGUE, 


CIVIL  ENGINEERING,  SURVEYING,  etc. 


MR.  NUMBER'S  VALUABLE  ENGINEERING  BOOKS. 
The  Water-Supply  of  Cities  and  Towns. 

A  Comprehensive  treatise  on  the  Water-supply  of 

Cities  and  Towns.  By  Wiluam  Humber,  A.-M.  Inst.  C.E.,  and  M.  Inst.  M.E., 
Author  of  **Cast  and  Wrought  Iron  Bridge  Construction/*  &c.  &c.  lilustnited 
with  50  Doable  Plates,  i  Single  Plate,  Coloured  Frontispiece,  and  upwards  of 
250  Woodcuts,  and  containing  400  pages  of  Text.  Imp.  410,  £6  6s.  elegantly 
and  substantially  half- bound  in  morocco. 

List  of  Contents. 


I.  Historical  Sketch  of  some  of  the  means 

THAT  have  been  ADOPTED  FOR  THE  SUPPLV  OF 

Water  to  Cities  and  Towns.—II.  Water  and 
the  Foreign  Matter  usually  associated 
WITH  IT.- -III.  Rainfall  and  Evaporation. — 
IV,  Springs  and  the  Water-bearing  Forma- 
tions OF  various  Districts.— V.  Measurement 
and  Estimation  of  the  Flow  of  Water. — 
VI.  On  the  Selection  of  the  Source  of 
Supply.  — VII,  Wells.  — VIII.  .Keservoirs.— 
IX.  The  Purification  of  Water.— X.  Pumps. 
—XI.  Pumping  Machinery.— XII.  Conduits.— 


XIII.  Distribution  of  Water.— XIV.  Meters 
Service  Pipes,  and  House  Fittings. -XV. 
The  Law  and  Economy  of  Water  Works. — 

XVI.  Constant  and  Intermittent  Supply.— 

XVII.  Description  of  Plates. — ^Appendices, 
GIVING  Tables  of  Rates  of  Supply,  Velo- 
cities, &c.  &c.,  together  with  Specifica- 
tions of  several  Works  illustrated,  among 
which  will  be  found  :  Aberdeen,  Bidbford. 
Canterbury,  Dundee,  Halifax,  Lambstm, 
Rotherham,  Dublin,  and  others. 


*'  The  most  systematic  and  valuable  work  ui>on  water  supply  hitherto  produced  in  English,  or  in  any 
other  langua^e.^  .  .  .  Mr.  Humber's  work  is  characterised  almost  throughout  by  an  exhausiiveness 
much  more  distinctive  of  French  and  German  than  of  English  technical  treatises." — Engitietr, 

**  We  can  congratulate  Mr.  Humber  on  having  been  able  to  give  so  large  an  amount  of  information  on 
a  subject  so  important  as  the  water  supply  of  cities  and  towns.  The  plates,  fifty  in  number,  are  mostly 
drawings  of  executed  works,  and  alone  would  have  coqunaiided  the  attention  of  every  engineer  whose 
practice  may  lie  in  this  branch  of  the  profession." — BuiUUr. 

Cast  and  Wrought  Iron  Bridge  Construction. 

A  Complete   and    practical  Treatise    on  Cast  and 

wrought  Iron  Bridge  construction,  including  Iron  Foundations.  In 
Three  Parts— Theoretical,  Practical,  and  Descriptive.  By  William  Humber, 
A.-M.  Inst.  C.E.,  and  M.  Inst.  M.E.  Third  Edition,  revised  and  much  improved, 
.  with  115  Double  Plates  (20  of  which  now  6rst  appear  in  this  edition),  and  numerous 
Additions  to  the  Text.     In  2  vols.,  imp.  4to,  ^6  i6s.  6d.  half-bound  in  rooroccow 

**  A  very  valuable  contribution  to  the  standard  literature  of  civil  engineering.  In  addition  to  elevations, 
plans,  and  sections,  large  scale  details  are  given,  which  very  much  enhance  the  instructive  worth  of  those 
illustrations." — Civil  Enj^ineer  and  Architect* sjoumal. 

**Mr.  Humber's  stately  volumes,  lately  issued — in  which  the  most  important  bridges  erected  duriss 
the  last  five  years,  under  the  direction  of  the  late  Mr.  Brunei,  Sir  W,  Cubitt,  Mr.  Hawkshaw,  Mr.  Page, 
Mr.  Fowler.  Mr.  Hemans,  and  others  among  our  m<»t  eminent  engineers,  are  drawn  and  specified  in 
great  detail." — En^neer, 

Strains,  Calculation  of. 

A  Handy  BOOK  for  the  Calculation  of  Strains  in  Girders 

AND  SIMILAR   STRUCTURES  AND  THEIR    STRENGTH.      Consisting  of  Formulae 

and  Corresponding  Diagrams,  with  numerous  details  for  Practical  Application,  &c. 

By  William  Humber,  A.-M.  Inst.  C.E.,&c.      Fifth  Edition.    Crown  8vo,  with 

nearly  100  Woodcuts  and  3  Plates,  Js,  td,  cloth. 

"  The  formulae  are  neatly  expressed,  and  the  diagrams  good." — Athtnteum, 

*'  We  heartily  commend  this  really  handy  book  to  our  engineer  and  architect  readers.** — IiHglitk 
Mechanic, 


Barlow's  Strength  of  Materials,  Enlarged  by  Humber. 

A  Treatise  on  the  Strength  of  Materials  ;  with  Rules 

for  application  in  Architecture,  the  Construction  of  Suspension  Bridges,  Railwa3rs, 

&c.    By  Peter  Barlow,  F.R.S.    A  New  Edition,  revised  by  his  Sons,  P.  W. 

Barlow,  F.R.S.,  and  W.  11.  Barlow,  F.R  S.  ;  to  which  are  added.  Experiments 

by  HoDOKiNSON,  Fairbairn,  and  Kirkaldy  ;  And  Formulae  for  Calculating 

Girders,  &c.    Arranged  and  Edited  by  Wm.  Humber,  A.-M.  Inst.  CE.    Demy 

8vo,  400  pp.,  with  19  large  Plates  and  numerous  Woodcuts,  l%s.  cloth. 

i      «•  Valuable  alike  to  the  student,  tyro,  and  the  erperienced  practitioner,  it  will  always  xaak  in  future, 
as  it  has  hitherto  done,  as  the  standanl  treatise  on  that  particular  subject.*'— iTx^xM^r. 
.  •■  *'  There  is  no  greater  authority  than  Barlow." — Building  News, 

"As  a  scientific  work  of  the  first  class,  it  deserves  a  foremost  place  on  the  bookahelires  of  ereri: 
civil  engineer  and  practical  mechanic."— £x^//M  Mechanic, 


CIVIL  ENGINEERING,  SURVEYING,  ^fc. 


II 


MR.  NUMBER'S  GREAT  WORK  ON  MODERN  ENGINEER/ NQ. 

Complete  in  Four  Volumes,  imperial  4to,  price  ;£'i2  J2s,  half-morocco.    Each  volume 

sold  separately  as  follows : — 

A  RECORD  OF  THE  PROGRESS  OF  MODERN  ENGINEERING.  First 
Series.  Comprismg  Civil,  Mechanical,  Marine,  Hydraulic,  Railway,  Bridge,  and 
other  Engineering  Works,  &c.  By  William  Humber,  A.-M.  Inst.  C.E.,  &c. 
Imp.  4to,  with  36  Double  Plates,  drawn  to  a  lai^e  scale,  Photographic  Portrait  of 
John  Hawkshaw,  C.E.,  F.R.S.,  &c.,  and  copious  descriptive  Letterpress,  Specihca-  ' 
tions,  &c.,  ^3  3*.  half-morocco. 

List  of  the  Plates  and  Diagrams. 

Victoria  Station  and  Roof,  L.  B.  &  S.  C.  R. 

<8  PLATES)  :  SOUTHPORT  PlER  (2  PLATES) ;  VIC- 
TORIA Station  and  Roof,  L.  C.  &  D.  and 
G.  W.  R.  (6  PLATES) ;  Roof  of  Cremorne  Music 
Hall  ;  Bridge  over  G.  N.  Railway  ;  Roof  of 
Station,  Dutch    Rhenish    Rail  (2  plates); 

*'  Handsomely  lithographed  and  printed.  It  will  find  favour  with  many  who  desire  to  preserve  in  a 
permanent  form  oopies  ot  the  plans  and  specifications  prepared  for  the  guidance  of  the  contractors  for 
many  important -engineering  works." — Engineer, 

HUMBERTS  PROGRESS  OF  MODERN  ENGINEERING.    Second  Series. 

Imp.  4to,  with  36  Double  Plates,  Photographic  Portrait  of  Robert  Stephenson, 
C.E.,  M.P.,  F.R.S.,  &c.,  and  copious  descriptive  Letterpress,  Specifications,  &c., 
^3  3x.  half-morocco. 

List  op  the  Plates  and  Diagrams. 


Bridge  over  the  Thames,  West  London  Ex- 
tension Railway  (5  plates)  ;  Armour  Plates  : 
Suspension  Bridge,  Thames  (4  plates);  The 
Allen  Engine;  Suspension  Bridge,  Avon 
(3  plates)  ;  Underground  Railway  (3  plates). 


Birkenhead  Docks,  Low  Water  Basin  (15 
PLATES) ;  Charing  Cross  Station  Roof,  C.  C. 
Railway  (3  plates)  ;  DigswellViaduct,  Great 
Northern  Railway  ;  Robbery  Wood  Viaduct, 
Orbat  Northern  Railway;  Iron  Permanent 
Way  ;  Clydack  Viaduct  ;  Merthyr,Tredbgaii, 
AMD  Abergavenny  Railway;  Ebbw  Viaduct, 


Merthyr,  Tredegar,  and  Abergavenny  Rail- 
way; College  Wood  Viaduct,  Cornwall 
Railway  ;  Dublin  Wintbr  Palace  Roop  (3 
plates)  ;  Bridge  over  the  Thames,  L.  C. 
and  D.  Railway  (6  plates)  ;  Albert  Harbour, 
Greenock  (4  plates). 


*'  Mr.  Humber  has  done  the  profession  good  and  true  service,  by  the  fine  collection  of  examples  he  has 
here  brought  before  the  profession  and  the  public.*' — Praetical  Mechanic's  Joumai. 

NUMBER'S  PROGRESS  OF  MODERN  ENGINEERING.  Third  Series. 
Imp.  4to,  with  40  Double  Plates,  Photographic  Portrait  of  J.  R.  M 'Clean,  late 
Pres.  Inst.  C.E.,  and  copious  descriptive  Letterpress,  Specifications,  &c.,  ^3  3X. 
half-morocco. 

List  of  the  Plates  and  Diagrams. 

Main  Drainage,  Metropolis.— JVor^A  Side. — 
Map  showing  Interception  of  Sewers; 
Middle  Level  Sewer  (2  plates);  Outfall 
Sewer,  Bridge  over  River  Lea  (3  plates); 
Outfall  Sewer.  Bridge  ov:-.r  Marsh  Lane, 
North  Woolwich  Railway,  and  Bow  and 
Barking  Railway  Junction;  Outfall  Sewer, 
Bridge  over  Bow  and  Barking  Railway 
<3  plates)  ;  Outfall  Sewer,  Bridge  over 
East  London  Waterworks'  Feeder  («  plates)  ; 
Outfall  Sewer  Reservoir  (2  plates)  ;  Out- 
pall  Sewer,  Tumbling  Bay  and  Outlet; 
Outfall  Sewer,  Penstocks.  South  Side.— 
Outfall     Sewer,   Bermondsey    Branch    (a 

'*  The  drawings  have  a  constantly  increasing  value, 
tions  of  the  two  great  works  earned  out  by  our 
volume."— ^M/i/M'^r. 

HUMBERTS  PROGRESS  OF  MODERN  ENGINEERING.     Fourth  Series. 

Imp.  4to,  with  36  Double  Plates,  Photographic  Portrait  of  John  Fowler,  late  Pres. 
Inst.  C.E.,  and  copious  descriptive  Letterpress,  Specifications,  &c.,  £^  y,  half- 
morocco. 

List  of  the  Plates  and  Diagrams. 


plates);  Outfall  Sewer,  Reservoir  and 
Outlet  (4  plates);  Outfall  Sewer,  Filth 
Hoist;  Sections  of  Sewers  (North  and 
South  Sides). 

Thames  Embankment. — Section  of  River 
Wall;  Steamboat  Pier,  Westminster  (a 
plates)  ;  Landing  Stairs  between  Charing 
Cross  and  Waterloo  Bridges  ;  York  Gate 
(a  plates)  ;  Overflow  and  Outlet  at  Savoy 
Street  Sewer  (3  plates)  ;  Steamboat  Pier, 
Waterloo  Bridge  (3  plates);  Junction  op 
Sewers,  Plans  and  Sections;  Gullies, 
Flans,  and  Sections;  Rolling  Stock; 
Granite  and  Iron  Forts. 

and  whoever  desires  to  possets  dear  representa^ 
Metropolitan    Board   will  obtaia  Mr.   Uumber's 


Abbey  Mills  Pcmpino  Station,  Main  Drain- 
age, Metropolis  (4  plates)  ;  Barrow  Docks 
<5  plates)  ;  Manqcis  Viaduct,  Santiago  and 
Valparaiso  Railway  (a  plates)  ;  Adam's  Lo- 
comotive, St.  Helen's  Canal  Railway  (2 
PLATES);  Cannon  Street  Station  Roof, 
Charing  Cross  Railway  (3  plates);  Road 
Bridge  over  the  River  moka  (2  plates9; 
Telegraphic  Apparatus  for    Mesopotamia; 


VlAJDUCT  OVER  THE  RiVER  WYS,  MIDLAND  RaIL- 

WAY  (3  plates)  ;  St.  Germans  Viaduct,  Corn- 
wall Railway  (z  plates);  Wrought-Iron 
Cylinder  for  Diving  Bell;  Mill  wall  Docks 
(6  plates);  Milroy's  Pat-ent  Excavator; 
Metropolitan  District  Railway  (6  plAtbs)  ; 
Harbours,    Ports,    and    Breakwaters     (3 

PLATES). 


««^ 


'We  sfladly  welcome  another  year's  issue  of  this  valuable  publication  from  the  able  pen  of  Mr.  Hum- 
ber. The  accuracy  and  general  excellence  of  this  work  are  well  known,  while  its  usefulness  in  giving 
The  measurements  and  details  of  some  of  the  latest  examples  of  engrneeriag,  as  carried  out  by  the  most 
eminent  men  in  the  profession,  cannot  be  too  highly  prized."— ^r/<»M*. 


tt  CROSBY  LOCKWOOD  <&*  SON'S  CATALOGUE. 


Statics,  Qraphio  and  Analytio. 

Graphic  and  analytic  Statics,  in  their  Practical  Application 
to  the  Treatment  of  Stresses  in  Roofs,  Solid  Girders.  Lattice,  Bowstring,  and 
Suspension  Bridges,  Braced  Iron  Arches  and  Piers,  and  other  Frameworks.  By 
R,  Hudson  Graham,  C.E.  Containing  Diagrams  and  Plates  to  Scale.  With 
numerous  Examples,  many  taken  from  existing  Structures.  Specially  arranged 
for  Class-work  m  Colleges  and  Universities.  Second  Edition,  Revised  and  En- 
larged.   8vo,  i6f.  cloth. 

*'  Mr.  Graham's  book  will  find  a  place  wherever  gnqtkic  and  analytic  statics  are  used  or  studied."—* 
Engineer, 

"  The  work  i«  excellent  from  a  practical  point  of  view,  and  has  evidently  been  prepared  with  muck 
care.  The  directions  for  working  are  ample,  and  are  illustrated  by  an  abundance  of  well-selected 
examples.    It  is  an  excellent  text-book  for  the  practical  draughtsman."— ^M^mcwm. 

Practical  mathematics. 

Mathematics  for  practical  Men  :  Being  a  Common-place 
Book  of  Pure  and  Mixed  Mathematics.  Designed  chiefly  for  the  Use  of  Civil 
Engineers,  Architects  and  Surveyors.  By  Olinthus  Gregory,  LL.D.,  F.R.A.S., 
Enlarged  by  Henry  Law,  C.E.  Fourth  Ed.,  carefully  revised  by  J.  R.  Young, 
formerly  Professor  of  Mathematics,  Belfast  College.  With  13  Plates,  8vo,  £\  is,  cloth. 

"  The  engineer  or  architect  will  here  find  ready  to  his  hand  rules  for  solving  nearly  every  mathemadc^l 
difficulty  that  may  ari«e  in  his  practice.  The  rules  are  in  all  cases  explained  by  means  of  examples,  io 
which  every  step  of  the  process  is  clearly  worked  out." — Buiider, 

"  One  of  the  most  serviceable  books  for  practical  mechanics.  .  .  .  It  is  an  instructive  book  for  the 
student,  and  a  Text-book  for  him  who,  having  once  mastered  the  subjects  it  treats  of,  needs  occasionally 
to  refresh  his  memory  upon  them." — Building  News, 

Hydraulic  Tables. 

HYDRAULIC  TABLES,  CO-EFFICIENTS,  AND  FORMUL>e  for  Finding 
the  Discharge  of  Water  from  Orifices,  Notches,  Weirs,  Pipes,  and  Rivers.  With 
New  Formulae,  Tables,  and  General  Information  on  Rain-fall,  Catchment- Basins 
Drainage,  Sewerage,  Water  Supply  for  Towns  and  Mill  Power.  By  John  Neville, 
Civil  Engineer,  M.R.I. A.  Third  Edition,  carefully  revised,  with  considerable 
Additions.     Numerous  Illustrations.     Crown  8vo,  14/.  cloth. 

"  Alike  valuable  to  students  and  engineers  in  practice ;  its  study  will  prevent  the  annoyance  of 
avoidable  failures,  and  assist  them  to  select  the  readiest  means  of  successfully  carrying  out  any  given 
work  connected  with  hydraulic  engineering." — Afintm  yournal. 

"  It  is,  of  all  English  books  on  the  subject,  the  one  nearest  to  completeness  ....  From  the 
good  arrangement  of  the  matter,  the  clear  explanations  and  abundance  of  formule,  the  carefully 
calculated  tables,  and,  above  all,  the  thorough  acquaintance  with  both  theory  and  construction,  which  is 
displayed  from  first  to  last,  the  book  will  be  found  to  be  an  acquisition."— ^rrAiVr^/. 

Hydraulics. 

Hydraulic  Manual.  Consisting  of  Working  Tables  and  Explana- 
tory Text.  Intended  as  a  Guide  in  Hydraulic  Calculations  and  Field  Operations. 
By  Lewis  D*A.  Jackson,  Author  of  "Aid  to  Survey  Practice,"  •*Moden> 
Metrology,"  &c.     Fourth  Edition,  Enlarged.     Large  crown  8vo,  its,  cloth. 

'*  The  author  has  had  a  wide  experience  in  hydraulic  engineering  and  has  been  a  careful  observer  of 
the  facts  which  have  come  under  his  notice,  and  from  the  great  mass  of  material  at  his  command  he  has 
constructed  a  manual  which  may  be  accepted  as  a  iru&twortny  guide  to  this  branch  of  the  engineer's  pro- 
fession. We  can  heartily  recommend  this  volume  to  all  who  desire  to  be  acquainted  with  the  latest 
develoimient  of  this  important  subject." — Engineering. 

**  The  standard  work  in  this  department  of  mechanics.  "-^^r^/xMrai*. 

"  The  most  useful  feature  of  this  work  is  its  freedom  from  what  is  superannuated,  and  its  thorough 
adoption  of  recent  experiments ;  the  text  is  in  fact  in  great  part  a  short  account  of  the  great  moder» 
experiments/' — Nature, 

Drainage. 

On  the  Drainage  of  Lands,  Towns,  and  buildings.    By 

G.  D.  Dempsey,  C.E.,  Author  of  "The  Practical  Railway « Engineer,'*  &c. 
Revised,  with  large  Additions  on  Recent  Practice  in  Drainage  Engineering* 
by  D.  Kinnear  Clark,  M.Inst.  C.E.,  Author  of  ''Tramways:  their  Construc- 
tion and  Working,"  '*  A  Manual  of  Rules,  Tables,  and  Data  for  Mechanical 
Engineers,*'  &c.   Second  Edition,  Corrected.   Fcap.  8vo,  ^s.  cloth. 

**  The  new  matter  added  to  Mr.  Dempsejr's  excellent  work  is  characterised  hy  the  comprehensive 
grasp  and  accuracy  of  detail  for  which  the  name  of  Mr.  D.  K.  Clark  is  a  sufficient  voucher. "^ 
Atkenaum, 

*'  As  a  work  on  recent  practice  in  drainage  engineering,  the  book  is  to  he  commended  to  all  who  are 
making  that  branch  of  engineering  science  their  special  study." — I  rim. 

**  A  comprehensive  manual  on  drainage  engineering,  and  a  useful  introduction  to  the  stadeac'*— 
Building  News. 
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Water  Storage,  Conveyance,  and  Utilisation. 

Water  Engineering  :  a  Practical  Treatise  on  the  Measure- 
ment, Storage,  Conveyance,  and  Utilisation  of  Water  for  the  Supply  of  Towns, 
for  Mill  Power,  and  for  other  Purposes.  By  Charles  Slagg,  Water  and  Drainage 
Engineer,  A. -M.Inst. C.E.,  Author  of  "Sanitary  Work  in  the  Smaller  Towns,  and 
in  Villages,"  &c.     With  numerous  Illustrations.     Crown  8vo,  7^.  6</.  cloth. 

**  As  a  small  practical  treatise  on  the  water  supply  of  towns,  and  on  some  applications  of  water- 
power,  the  work  is  in  manv  respects  excellent." — Engineering, 

"The  author  has  collated  the  results  deduced  from  tne  experiments  of  the  most  eminent 
authorities,  and  has  presented  them  in  a  compact  and  practical  form,  accompanied  by  very  clear 
and  detailed  explanations.  .  .  .  The  application  of  water  as  a  motive  power  is  treated  very  carefully 
a.ad  exhausdvely." — Builder. 

'*  For  anyone  who  desires  to  begin  the  stud}^  of  hydraulics  with  a  consideration  of  the  practical 
applications  of  the  science  there  is  no  better  guide." — Architect. 

River  Engineering. 

River  Bars  :  The  Causes  of  their  Formation,  and  their  Treatment 

by  "  Induced  Tidal  Scour ; "  with  a  Description  of  the  Successful  Reduction  by 

this  Method  of  the  Bar  at  Dublin,     fiy  I.  J.  Mann,  Assist  £ng.  to  the  Dublin 

Port  and  Docks  Board.     Royal  8vo,  7^.  6d.  cloth. 

"  We  recommend  all  interested  in  harbour  works — and,  indeed,  those  concerned  in  the  improvements 
of  rivers  generally — to  read  Mr.  Mann's  interesting  work  on  the  treatment  of  river  ban." — Engineer. 

Trusses. 

Trusses  of  wood  and  Iron.     Practical  Applications  of  Science 

in    Determining   the   Stresses,  Breaking  Weights,  Safe   Loads,  Scantlings,   and 

Details  of  Construction.     With  Complete  Working  Drawings.     By   William 

Griffiths,  Surveyor,  Assistant  Master,  Tranmere  School  of  Science  and  Art. 

Oblong  8vo,  4J.  6ii.  cloth. 

'  *  This  handy  little  book  enters  so  minutely  into  every  detail  connected  with  the  construction  of  roof 
trusses  that  no  student  need  be  ignorant  of  these  matters." — Practical  Engineer. 

Railuiay  Worliing. 

Safe   Railway  working  :    A  Treatise  on  Railway  Accidents, 

their  Cause  and  Prevention  ;  with  a  Description  of  Modem  Appliances  and 
Systems.  By  Clement  E.  Stretton.  C.E.,  Vice-President  and  Consulting 
Engineer,  Amalgamated  Society  of  Railway  Servants.  With  Illustrations  and 
Coloured  Plates.     Third  Edition,  Enlarged.    Crown  8vo,  3/.  6d,  cloth. 

**  A  book  for  the  engineer,  the  directors,  the  managers  ;  and,  in  short,  all  who  wish  for  information 
on  railway  matters  will  find  a  perfect  encyclopicdia  in  '  Safe  Railway  Working.'  " — Railway  Review. 

'*  We  commend  the  remarks  on  railway  signalling  to  all  railway  managers,  especially  where  a  unifom. 
code  and  practice  is  advocated." — HerepatlCs  Railway  Journal. 

"The  author  may  be  congratulated  on  having  collected,  in  a  verv  convenient  form,  much  valuable 
information  on  the  principal  questions  affecting  the  safe  working  of  railways." — Railway  Engineer, 

Oblique  Bridges, 

A  Practical  and  Theoretical  Essay  on  Oblique  bridges. 

With  13  lai^e  Plates.  By  the  late  George  Watson  Buck,  M.I.C.E.  Third 
Edition,  revised  by  his  Son,  J.  H.  Watson  Buck,  M.I.C.E.  ;  and  with  the 
addition  of  Description  to  Diagrams  for  Facilitating  the  Construction  of  Oblique 
Bridges,  by  W.  H.  Barlow,  M.I.C.E.     Royal  8vo,  12s.  cloth.' 

**  The  standard  text-book  for  all  engineers  regarding  skew  arches  is  Mr.  Buck's  treatise,  and  it  would 
be  impossible  to  consult  a  better." — Engineer. 

*'  Mr.  Buck's  treatise  is  recognised  as  a  sundard  text-book,  and  his  treatment  has  divested  the  subject 
of  many  of  the  intricacies  supposed  to  belonij^  to  it.  As  a  guide  to  the  engineer  and  architect,  ou  a 
confessedly  difficult  subject,  Mr.  Buck's  work  ts  unsurpassed." — Building  News, 

Tunnel  Shafts. 

The  Construction  of  Large  Tunnel  Shafts  :  A  Prac- 
tical and  Theoretical  Essay.  By  J.  H.  Watson  Buck,  M.  Inst.C.E.,  Resident 
Engineer,  London  and  North- Western  Railway.  Illustrated  with  Folding  Plates, 
royal  8vo,  I2j.  cloth. 

*'  Many  of  the  methods  given  are  of  extreme  practical  value  to  the  mason,  and  the  observations  on 
the  form  of  arch,  the  rules  for  ordering  the  stone,  and  the  construction  of  the  templates,  will  be  found  of 
considerable  use.    We  commend  the  book  to  the  engineering  profession." — Building  News. 

*'  Will  be  regarded  by  C'vil  engineers  as  of  the  utmost  value,  and  calculated  to  save  much  time  and 
obviate  many  mistakes."— Ctf//t>rr  Guardian, 
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Student's  Text-Book  on  Surueying. 

Practical  surveying  :  a  Text-Book  for  Students  preparing  for 

Examinations  or  for  Survey- work  in  the  Colonies.      By  George  Sv.   Usill. 

A.M.I.C.E..  Author  of  "The  Statistics  of  the  Water  Supply  of  Great  Britain." 

With  4  Lithographic  Plates  and  upwards  of  330  Illustrations.      Third  Edition, 

Revised  and  Enlarged.     Including  Tables  of  Natural  Sines,  Tangents,  Secants, 

&c.     Crown  8vo,  7^.  6d.  cloth  ;  or,  on  Thin  Paper,  bound  in  limp  leather,  gilt 

edges,  rounded  corners,  for  pocket  use,  price  I2s.  bJ. 

**The  best  forms  of  instruments  are  described  as  to  their  constraction,  uses  and  modes  of 

employment,  and  there  are  innumerable  hints  on  work  and  equipment  such  as  the  author,  in  his 

experience  as  surveyor,  draughtsman  and  teacher,  has  found  necessary,  and  which  the  studeoc  ia 

his  inexperience  will  find  most  serviceable." — Engineer, 

"The  latest  treatise  in  the  English  language  on  surveying,  and  we  have  no  hesitation  in  saying 
that  the  student  will  hnd  it  a  better  guide  than  any  of  its  predecessors.  .  .  .  Deserves  to  be  recog- 
nised as  the  first  book  which  should  be  put  in  the  hands  ot  a  pupil  of  Civil  Engineering,  and  every 
gentleman  of  education  who  sets  out  for  the  Colonies  would  find  it  well  to  have  a  copy.'^ — 
A  rchitect. 

Survey  Practice. 

AID  TO  Survey  practice  :  for  Reference  in  Surveying,  Level- 
ling, and  Setting-out ;  and  in  Route  Surveys  of  Travellers  by  Land  and  Sea.  With 
Tables,  Illustrations,  and  Records.  By  Lowis  D'A.  Jackson,  A.M.I.C-E., 
Author  of  ''Hydraulic  Manual,"  "Modem  Metrology,"  &c.  Second  Editioiit 
Enlarged.  Large  crown  8vo,  12s.  6^.  cloth. 
"Mr.  Jackson  has  produced  a  valuable  vade-mecum  for  the  surveyor.  We  can  recommend  this  book 
as  containing  an  admirable  supplement  to  the  teaching  of  the  accomplished  surveyor." — AtMeiutmm. 

"As  a  text>book  we  should  advise  all  surveyors  to  place  it  in  their  Ubraries,  and  study  well  the 
matured  instructions  afforded  in  its  pages." — Colliery  GuardtAH. 

*'  The  author  brings  to  his  work  a  fortunate  union  of  theory  and  practical  experience  which,  aided  by 
a  clear  and  lucid  style  of  writing,  renders  the  book  a  very  useful  one.*' — Builder » 

Surveying,  Land  and  Marine, 

Land  and   Marine  Surveying,  in  Reference  to  the  Preparauon 

of  Plans  for  Roads  and   Railways  ;    Canals,  Rivers,  Towns*   Water  Supplies ; 
Docks  and  Harbours.     With  Description  and  Use  of  Surveying  Instruments.     By 
W.  Davis  Haskoll,  C.E.,  Author  of  "Bridge  and  Viaduct  Construction,"  &c. 
Second  Edition,  Revised,  with  Additions.    Large  crown  8vo,  gs.  cloth. 
*'  I1iis  book  must  prove  of  great  value  to  the  student.    We  have  no  hesitation  in  recommendioff  it, 
feeling  assured  that  it  will  more  than  repay  a  careful  study." — Mechanical  H-'orld. 

**  A  most  useful  and  well  ai  ranged  ioook  for  the  aid  of  a  student.    We  can  strongly  recommerd  it  as 
a  carefully-written  and  valuable  text-book.   It  ei^joys  a  well-deserved  repute  among  >urveyors.*'—  Builder, 
"This  volume  cannot  fail  to  prove  of  the  utmost  practical  utility.    It  may  be  safely  recommended  to 
all  students  who  aspire  to  become  clean  and  expert  surveyors."— j/iVt/ff/-  JoumaL 

Field  Booli  for  Engineers. 

THE  Engineer's,  Mining  Surveyor's,  and  Contractor's 

FlELD-Book.  Consisting  of  a  Series  of  Tables,  with  Rules,  Explanations  of 
Systems,  and  use  of  Theodolite  for  Traverse  Surveying  and  Plotting  the  Work  with 
minute  accuracy  by  means  of  Straight  Edge  and  Set  Square  only  ;  Levelling  with 
the  Theodolite,  Casting-out  and  Reducing  Levels  to  Datum,  and  Plotting  Sections 
in  the  ordinary  manner  ;  Seiting-out  Curves  with  the  Theodolite  by  Tangential 
Angles  and  Multiples  with  Right  and  Left-hand  Readings  of  the  Instrument ;  Setting- 
out  Curves  without  Theodolite  on  the  System  of  Tangential  Angles  by  Sets  of  Tan- 
gents and  Offsets ;  and  Earthwork  Tables  to  80  feet  deep,  calculated  for  every  6 
inches  in  depth.  By  W.  Davis  Haskoll,  C.E.  With  numerous  Woodcuts. 
Fourth  Edition,  Enlarged.     Crown  8vo,  12^.  cloth. 

"  The  book  is  very  handy  ;  the  separate  tables  of  sines  and  tangents  to  every  minute  will  make  it 
useful  for  many  other  purposes,  the  genuine  traverse  tables  existing  all  the  same." — Atkenautn, 

"  Every  person  engaged  in  engineering  field  operations  will  estimate  the  importance  of  such  a  work 
and  the  amount  of  valuable  time  which  will  be  saved  by  reference  to  a  set  of  reliable  tables  prepared 
with  the  accuracy  and  fulness  of  those  given  in  this  volume." — Railway  News. 

Levelling. 

A  TREATISE  ON  THE  PRINCIPLES  AND  PRACTICE  OF  LEVELLING. 

Showing  its  Application  to  purposes  of  Railway  and  Civil  Engineering  in  the  Ccn- 
struction  of  Roads ;  with  Mr.  Telford's  Rules  for  the  same.  By  Frederick 
W.  SIMMS,  F.G.S.,  M.  Inst.  C.E.  Seventh  Edition,  with  the  addition  of  Law's 
Practical  Examples  for  Setting-out  Railway  Curves,  and  Trautwixe's  Field 
Practice  of  Laying-out  Circular  Curves.  With  7  Plates  and  numerous  Woodcuts. 
8vo,  &f.  6</.  cloth.  *^*  Trautwine  on  Curves  may  be  had  separate,  5^. 

*'  Thb  text-book  on  levelling  in  most  of  our  engineering  .schools  and  colleges." — Engineer. 

*'  The  publishers  have  rendered  a  substantial  service  to  the  profession,  especially  to  the  younger 
members,  by  bringing  out  the  present  edition  of  Mr.  Simms's  useful  ytm'k,**^EngitutriH£_. 
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Trigonometrical  Surveying. 

AN  Outline  of  the  method  of  Conducting  a  Trigono- 
metrical Survey,  for  the  Formation  of  Geogiaphical  and  Typographical  Maps 
and  Plans,  Military  Reconnaissance,  LEVELLING,  &c.,  with  Useful  Problems, 
Formulae,  and  Tables.  By  Lieut. -General  Frome,  R.E.  Fourth  Edition,  Revised 
and  partly  Re-written  by  Major-Gencral  Sir  Charles  Warren,  G.C.M.G.,  R.E. 
With  19  Plates  and  115  Woodcuts,  royal  8vo,  idr.  cloth. 

"The  simple  fact  that  a  fourth  edition  has  been  called  for  is  the  best  testimony  to  its  merits.  No 
words  of  praise  from  us  can  strengthen  the  position  so  well  and  so  steadily  maintained  by  this  work. 
Sir  Charles  Warren  has  revised  the  entire  work,  and  made  such  ailditions  as  were  necessary  to  bring  every 
portion  of  the  contents  up  to  the  present  date." — Broad  Arrow, 

Field  Fortification. 

A  treatise  on  Field  fortification,  The  Attack  of  Fortresses, 
Military  Mining,  and  Reconnoitring.  By  Colonel  i.  S.  Macaulay,  late  Professor 
of  Fortification  in  the  R.  M.  A. ,  Woolwich.  Sixth  Edition,  crown  8vo,  with  separate 
Atlas  of  12  Plates,  12s,  cloth. 

Tunnelling. 

Practical  Tunnelling.     Explaining  in  detail  the  Setting-out  oi 

the  Works,  Shaft-sinking,  and  Heading-driving,  Ranging  the  Lines  and  Levelling 
under  Ground,  Sub-Excavating,  Timbering,  and  the  Construction  of  the  Brickwork 
of  Tunnels,  with  the  amount  of  Labour  required  for,  and  the  Cost  of,  the  various 
portions  of  the  work.  By  Frederick  W.  Simms,  F.G.S.,  M.  Inst.  C.E.  Third 
Edition,  Revised  and  Extended  by  D.  Kinnear  Clark,  M.Inst. C.E.  Imp.  8vo, 
with  21  Folding  Plates  and  numerous  Wood  Engravings,  30?.  cloth. 

"The  estimation  in  which  Mr.  Simms's  hook  on  tunnel  ing  has  been  held  for  over  thirty  years  cannol 
be  more  truly  expressed  than  in  the  words  of  the  late  Professor  Rankine  :—  'The  best  source  of  ioforma- 
tion  on  the  subject  of  tunnels  is  Mr.  F.  W.  Simms's  work  on  Practical  Tunnelling."' — Architect. 

**  It  has  been  regarded  from  the  first  as  a  text  book  of  the  subject  .  .  .  Mr.  Clark  has  added 
immensely  to  the  vahie  of  the  book." — Etigbuer, 

Tramways  and  their  Working. 

TRAMWAYS  :  THEIR  CONSTRUCTION  AND  WORKING.  Em- 
bracing a  Comprehensive  History  of  the  System  ;  with  an  exhaustive  Analysis  of  the 
Various  Modes  of  Traction,  including  Horse  Power,  Steam,  Cable  Traction, 
Electric  Traction,  &c.  ;  a  Description  of  the  Varieties  of  Rolling  Stock  ;  and  ample 
Details  of  Cost  and  Working  Expenses.  New  Edition,  Thoroughly  Revised, 
and  Including  the  Progress  recently  made  in  Tramway  Construction,  &c.  &c.  By 
D.  Kinnear  Clark,  M.Inst.  C.E.  With  numerous  Illustrations  and  Folding 
Plates.     In  One  Volume,  8vo,  700  pages.     Price  about  25J.  {Nearly  ready. 

**  All  interested  in  tramways  must  refer  to  it,  as  all  railway  engineers  have  turned  to  the  author's 
work  *  Railway  Machinery.'  '* — Engineer. 

'*  An  exhaustive  and  practical  work  on  tramways,  in  which  the  history  of  this  kind  of  locomotion,  and 
a  description  and  cost  of  the  various  modes  of  laying  tramways,  are  to  be  found." — Buildintr  News. 

"The  best  form  of  rails,  the  best  mode  of  construction,  and  the  best  mechanical  appliances,  are  so- 
fairly  indicated  in  the  work  under  review  that  any  engineer  about  to  construct  a  tramway  will  be  enabled 
at  once  to  obtain  the  practical  information  which  will  be  of  most  service  to  him." — Atkenaum, 

Curoea,  Tables  for  Setting-out 

Tables    of    Tangential   angles   and   Multiples    for 

Setting-out  Curves  from  5  to  aoo  Radius.  By  Alexander  Beazeley, 
M.Inst. C.E.  Fourth  Edition.  Printed  on  48  Cards,  and  sold  in  a  cloth  box, 
waistcoat-pocket  size,  31.  6d, 

"  Each  table  is  printed  on  a  small  card,  which,  being  placed  on  the  theodolite,  leaves  the  hands  hec 
to  manipulate  the  instrument — no  small  advantage  as  rbgArds  the  rapidity  of  work." — Engineer. 

**  Very  handy :  a  man  may  know  that  all  his  day's  work  must  fall  on  two  of  these  cards,  which  he  puts^ 
Into  his  own  card-case,  and  leaves  the  rest  behind." — Athenaum. 

Earthwork. 

Earthwork  Tables.    Showing  the  Contents  in  Cubic  Yards  of 

Embankments,  Cuttings,  &c ,  of  Heights  or  Depths  up  to  an  average  of  80  feet.  By 
Joseph  Broadbent,  C.E.,  and  Francis  Campin,  C.E.     Crown  Svo,  5J.  cloth. 

'*  The  way  in  which  accuracy  is  attained,  bv  a  simple  division  of  each  cross  section  into  three 
elements,  two  in  which  are  constant  and  one  variable,  is  ingenious.** — Atkenttum, 
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Section    VI. — Mkchanical  Foscc  op  Hsat. 
Section   Vll.— WotK  op  Bxpaksion  awd  Cok- 

TRACTION. 


Heat,  Expansion  bg. 

Expansion  of  Structures  by  heat.    By  John  Keily,  c.e., 

late  of  the  Indian  Public  Works  and  Victorian  Railway  Departments.   Crown  8to, 
y,  6i/,  cloth. 

Summary  of  Contents. 

Section      I. — Formulas  and  Data. 

Section    II.— Mbtal  Bars. 

Section  III.— >Sihplk  Frames. 

Section   IV. — Complex  Frambs  and  Platbs.      i    Section  VIII. — Suspbnsiok  Briogks. 

Section     V.— Tmkrmal  Conouctivitt.  I    Section     IX.— Masonry  Strlcturks. 

"The aim  the  author  has  set  before  him,  tis.,  to  show  the  effects  of  heat  upon  meiallic  and  otber 
structures,  is  a  laudable  one,  for  this  is  a  branch  of  physics  upon  which  the  engineer  or  architect  can 
£nd  but  little  reliable  and  comprehensive  data  in  books.'* — Builder. 

**  Whoever  is  concerned  to  know  the  effect  of  changes  of  tem^rature  on  sach  structnces  as  suspeo- 
sion  bridges  and  the  like  could  not  do  better  than  consult  Mr.  Keily's  valuable  and  handy  expoaitiaa  of 
the  geometrical  principles  involved  in  these  changes. " — ScpttmoM. 

Earthwork,  Measurement  of, 

A   MANUAL  ON    Earthwork.     By  Alex.  J.  S.  Graham,  C.E, 

With  numerous  Diagrams.    Second  Edition.     i8mo,  2s,  6d,  cloth. 

"Agreat  amount  of  practical  information  very  admirably  arranged,  and  available  for  rough  estimates, 
as  well  as  for  the  more  exact  calculations  required  in  the  engineer's  and  contractor's  offices.   — A  rtizoM. 

Strains  in  Ironworli. 

THE    STRAINS    ON    STRUCTURES    OF    IRONWORK;    with  Prac- 
tical Remarks  on  Iron  Construction.     By  F.  W.  Sheilds,  M.  Inst.  C.£.     Second 
Edition,  with  5  Plates.     Royal  8vo,  5j.  cloth. 
*'  Xhe  student  cannot  find  a  better  little  book  on  this  subject.*'— £iiu^*«/#r. 

Cast  Iron  and  other  Metals,  Strength  of. 

A  PRACTICAL  ESSAY  ON  THE  STRENGTH  OF  CAST  IRON  and 
other  Metals.  By  Thomas  Trbdgold,  C.E.  Fifth  Edition,  including  Hodgkin- 
son's  Experimental  Researches.    8vo,  I2J.  cloth. 

Oblique  Arches. 

A  PRACTICAL  Treatise  on  the  Construction  of  Oblique 

ARCHE8.     By  JOHN  HARt.    Third  Edition,  with  Plates.    Imperial  Svo,  8f.  cloth. 

€irders,  Strength  of. 

Graphic  Table  for  Facilitating  the  Computation  of  the  Weights  of 

Wrought  Iron  and  Steel  Girders,  &c.,  for  Parliamentary  and  other  Estimates.  By 
J.  H.  Watson  Buck,  M.  Inst.  C.E.    On  a  Sheet,  2J.  6d. 

Water  Supply  and  Waterworks. 

A   PRACTICAL  treatise  ON  THE  WATER  SUPPLY  OF  TOWNS 

AND  THE  CONSTRUCTION  OF  WATER-WORKS.  By  W.  K.  BtJRTON,  A.M  InstC.E.. 
Professor  of  Sanitary  Engineering  in  the  Imperial  University,  Tokyo,  Japan,  and 
Consulting  Engineer  to  the  Tokyo  Water- Works.  With  an  Appendix  on  WATER- 
WORKS IN  COUNTRIES  SUBJECT  TO  EARTHQUAKES,  by  JOHN  MiLNE,  F.R.S., 
Professor  of  Mining  in  the  Imperial  University  of  Japan.  With  numerous  Plates 
4ind  Illustrations.  [/»  fAe  press. 


MARINE  ENGINEERING,  NAVIGATION,  ^c.  I, 


MARINE   ENGINEERING,    SHIPBUILDING,  NAVIGA 

TION,  etc. 


Pocket'Book  for  Naval  Architects  and  Shipbuilders, 

The  Naval  architects  and  Shipbuilder's  Pocket-Book 

OF  FOfiMUL/E,  KULES,  AND  TABLES.  AND  MARINE  ENGINEER'S  AND  SURVEYOR'S 

HANDY  Book  of  Reference.  By  Clement  Mackrow,  Member  of  the  Institu- 
tion of  Naval  Architects,  Naval  Draughtsman.  Fifth  Edition,  Revised  and  En- 
larged to  700  pages,  with  upwards  of  300  Illustrations.  Fcap.,  12s.  6d.  strongly 
bound  in  leather. 

Summary  of  Contents. 

Signs  and  Symbols,  Decimal  Fraction^.—  Rules   for    Boilers.— Lloyd's    Weight   of 

Trigonomety.— Practical  Geometry. —  Men-  Chains.— Lloyd's    Scantlings    for    Ships.— 

suration.— Centres  AND  MoMENTSOF  Figures.  Data  of  Engines  and  Vessels.— Ships'  Fit- 

— Moments  OF  Inertia  AND  Radii  OF  GYRATtoN.  tings   and    Tests.— Seasoning    Preserving- 

—  Algebraical  Expressions  for  Simpson's  Timber — Measurement  of  Timber.— Alloys, 
Rules.  —  Mechanical  Principles. — Centre  Paints,  Varnishes.— Data  for  Stowage.- 
OK  Gravity.  —  Laws  of  Motion. — Displace-  Admiralty  Transport  Regulations.— Rulb» 
MENT,  Centre  of  Buoyancy.  — Centre  of  for  Horse-power,  Screw  Propellers,  etc. — 
Gravity  of  Ship's  Hull.— Stability  Curves  Percentages  for  Butt  Straps,  etc.— Parti- 

AND  MbTACRNTRES.— SbA   AND  ShALLOW-WATER  CULARS    OF    YaCHTS.— MASTING     AND     RlGOING 

"Waves. — Rolling  of  Ships.-^Propulsion  and  Vessels. — Distances   of    Foreign    Ports. — 

Resistance   of  Vessels.  —  Speed  Trials. —  Tonnage   Tables. ^Vocabulary    of    French 

Sailing,    Centre    of    Effort.  —  Distances  and  English  Terms. — English  Weights  and 

down  Rivers,  Coast  Lines.  —  Steering  and  Measures.— Foreign  Weightsand  Measures. 

Rudders  of  Vessels. —  Launching  Calcula-  — Decimal  Equivalents. — Foreign  Money. — 

TIONS  AND  VeLOCITIHS. — WEIGHT  OF  MATERIAL  DISCOUNT  AND   WaGE   TaBLES.— UsEFUL   NUM- 

A^rt  Gear.— Gun    Particulars  and  Weight.  bers    and     Ready    Reckoners.  —  Tables   of 

—  Sfasdard  Gauges.— Riveted  Joints  and  Circular  Measures. -Tables  of  Areas  of 
KivETiNG.  —  Strength  and  Tests  of  Mate-  and  Circumferences  of  Circles. — Tables  of 
rials.— Binding  and  Shearing  Stresses,  etc.  Areas  of  Segments  of  Circles.— Tables  op 
-^Strength  op  Shafting,  Pillars,  Wheels,  Squares  and  Cubes  and  Roots  of  Numbers. 
Btc.  —  Hydraulic  Data,  etc.  — Conic  Sec-  — Tables  of  Logarithms  of  Numbers. — 
tions,  Catenarian  Curves.  —  Mechanical  Tables  of  Hyperbolic  Logarithms. — Tables 
Powers,  Work. — Board  of  Trade  Rbgula-  of  Natural  Sines,  Tangents,  etc. — ^Tables 
tions  for  Boilers  and  Engines. — Board  of  of  Logarithmic  Sines,  Tangents,  etc. 
Trade    Regulations  for     Ships.  —  Lloyd's 

"  In  these  days  of  advancei  knowledge  a  work  like  this  is  of  the  greatest  value.  It  contains  a 
vast  amouot  of  information.  We  anbesitatingly  say  that  it  is  the  most  valuable  compilation  for  its 
specitic  purpose  that  has  ever  been  printed.  No  naval  architect,  engineer,  surveyor,  or  seaman, 
ivood  or  iron  shipbuilder,  can  afford  to  be  without  this  vrork."— Nautical  Magazine. 

"Should  be  used  by  all  who  are  engaged  in  the  construction  or  design  of  vessels.  .  .  .  Will  be 
found  to  contain  the  most  useful  ubles  and  formula:  required  by  shipbuilders,  carefully  collected  from 
the  best  authorities,  and  put  together  in  a  popular  and  simple  form." — En^neer. 

**  The  professional  shipbuilder  has  now,  in  a  convenient  and  accessible  form,  reliable  data  for  solving 
many  of  the  numerous  problems  that  present  themselves  in  the  course  of  his  work." — iron. 

"There  is  no  doubt  that  a  pocket-book  of  this  description  must  be  a  necessity  in  the  shipbuilding^ 
trade. .  .  .  The  volume  contains  a  mass  of  useful  iaformation  clearly  expressed  and  presented  in  a 
handy  form."— Afarm*  Engineer. 

Marine  Engineering. 

Marine  Engines  and  Steam  Vessels:  a  Treatise  on.    By 

Robert  Murray,  C.£.  Eighth  Edition,  thoroughly  Revised,  with  considerable 
Additions  by  the  Author  and  by  George  Carlisle,  C.E.,  Senior  Surveyor  to  the 
Board  of  Trade  at  LiverpooL     i2mo,  5^.  cloth  boards. 

"Well  adapted  to  give  the  yoang  steamship  engineer  or  marine  engine  and  boiler  makei  a  general 
introduction  into  his  practical  work.  —Mechanical  World. 

"  We  feel  sure  that  this  thoroughly  revised  edition  will  continue  to  be  as  popular  in  the  futuie 
as  it  has  been  in  the  past,  as,  for  its  size,  it  contains  more  useful  information  than  any  simiUr 
treaitise.''— Industries. 

**  As  a  compendious  and  useful  guide  to  engineers  of  our  mercantile  and  royal  naval  services,  we 
should  say  it  cannot  be  surpassed." — Building  News. 

*'The  information  given  is  both  sound  and  sensible,  and  well  qualified  to  direct  youn^  sea-going 
hands  on  the  straight  road  to  the  extra  chief 's  certificate.  .  .  .  Most  useful  to  surveyors,  inspectors^ 
draughtsmen,  and  all  young  engineers  who  take  an  interest  in  their  profession." — Glasgow  Herald. 

*' An  indispensable  manual  for  the  student  of  marine  engineering." — Liverpool  Mercury. 

Electric  Lighting  of  Ships. 

Electric  Ship  Lighting  :   A  Handbook  on  the  Practical  Fitting 

and  Running  of  .Ship's  ElectricU  Plant,  for  the  Use  of  Shipowners  and  Builders, 
Marine  Electricians  and  Sea-going  Engineers  in  Charge.  By  J.  W.  Urquhart, 
Author  of  **  Electric  Light,"  **  Dynamo  Construction,"  &c.  With  numerous  Illus- 
trations.    Crown  8vo,  js,  6d.  cloth, 
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Pocliet'Book  for  Marine  Engineers. 

A    POCKET-BOOK    OF    USEFUL    TABLES    AND    FORMULA   FOR 

Marine  Engineers.     By  Frank  Proctor,  A.LN.A.    Third  Edition.  Royal 

32 mo,  leather,  gilt  edges,  with  strap,  41. 

"  We  recommend  it  to  our  readers  u  going  far  to  s'tpply  a  Iong*feIt  want.** — S^aval Science, 
"  A  most  useful  companion  to  all  marine  exiZ\xkt^vi."—UHiied Service  Gasttle. 

fntroduotion  to  Marine  Engineering, 

Elementary    Engineering  :    A   Manual  for  Young  Marine 

Engineers  and  Apprentices.  In  the  Form  of  Questions  and  Answers  on  Metals, 
Alloys,  Strength  of  Materials,  Construction  and  Management  of  Marine  Elngincs 
and  Boilers,  Geometry,  &c.  &c.  With  an  Appendix  of  Useful  Tables.  By  John 
tSHSRRKN  Brewer,  Government  Marine  Surveyor,  Hongkong.  Second  Edition, 
Revised,  small  crown  8vo,  2s.  cloth. 

"  Contains  much  valuable  information  for  the  class  for  whom  it  is  intended,  especially  in  the 
chapters  on  the  management  of  boilers  and  entwines."— Ai'^m/tca/  Magazine. 

"  A  useful  introduction  to  the  more  elaborate  text  boi^ks.'' — Scotsman. 

"  To  a  student  who  has  the  requisite  desire  and  resolve  to  attain  a  thorough  knowledge,  Mr. 
Brewof  offers  decidedly  useful  )xe\\t."—Athenirum, 

Navigation. 

Practical  Navigation.     Consisting  of  The  Sailor's  Sea-Book, 

by  James  Grkknwood  and  \V.  II.  Rosser;  together  with  the  requisite  Mathe- 
matical and  Nautical  Tables  for  the  Working  of  the  Problems,  by  Henry  Law, 
C.E.,  and  Professor  J.  R.  Young.     Illustrated.     i2mo,  yx.  strongly  half-bound. 

Drawing  for  Marine  Engineers. 

LocKiE's  Marine  engineer's   Drawing-Book.     Adapted  to 

the  Requirements  of  the  Boird  of  Trade  Examinations.  By  John  Lockie, 
C.E.     With  22  Plates,  Drawn  to  Scale.     Royal  8vo,  31. 6d.  cloth. 

••The  student  who  learns  from  the^e  drawing*  will  h.i\'e  nothing  to  un\etLrn.**—IiHgineer. 
'  The  examples  choten  are  e<iscncially  practical,  and  a^c  sii:h  as  should  prove  of  service  to  engineers 
•generally,  while  admirably  fulfilling  their  sp^citic  pur i>^ie.*'—MeckMnicai  Werid, 

Sailmaliing. 

THE  ART  AND  SCIENCE  OF  SAILMAKING.    By  Samuel  B.  Sadler, 

Practical  Sailmaker,  late  in  the  employment  of  Messrs.  Ratsey  and  Laptborae, 
of  Cowes  and  Gosport.  With  Plates  and  other  Illustrations,  bmall  410,  I2i.  6^. 
cloth. 

Summary  of  Contents. 

Chap.  I.  The  Materials  usko  and  their  |  —VI.  On  Allowances.— VII.  CALcrLATioH  of 
Rki-ation  to  Sails.— II.  On  thk  Cfntrk  ok  Gokps.  —  VIIL  On  Cutting  Out.— IX.  0>* 
HvKORT.— III.  On  Measuring.— IV'.  On  Draw-  Roping.  — X.  On  Diagonal-Cut  Sails.— XI. 
ISO.— V.  On  the  Number  of  Cloths  required.        Concluding  Remarks. 

*'  This  work  is  very  ably  written,  and  is  illustrated  by  diagrams  and  carefully  worked  calculations. 
I'he  work  should  be  in  the  hands  of  every  sailmaker,  whether  employer  or  employed,  as  it  cannot  (ail  to 
assist  them  in  the  pursuit  of  their  important  avocations."-    Ish-  of  IVigkt  Hrrmld. 

"This  extremely  practical  work  ^ives  a  complete  education  in  all  the  branches  of  the  manufacture, 
cnttinK  out.  roping,  seaming,  and  goring.  It  is  copiously  illustrated,  and  will  form  a  first-rate  teat-book 
and  guide."— /*^r/iw<>wM  Tivtes. 

*'The  author  of  this  work  has  rendered  a  distinct  service  to  all  interested  in  the  art  of  sailmaktng. 
The  subject  of  which  he  treats  is  a  congenial  one.  ^  Mr.  Sadler  is  a  practical  sailmaker,  and  has  devoted 
years  of  careful  observation  and  study  to  the  .^ubjeci ;  and  the  rcMilift  of  the  experience  thus  gained  te 
tins  set  forth  in  the  volume  before  uf:"-^SUamsh//. 

Chain  Cables. 

Chain  Cables    and    Chains.     Comprising  Sizes  and  Curves  ot 

Links,  Studs,  &c.,  Iron  for  Cables  and  Chains,  Chain  Cable  and  Chain  Making, 

Forming  and  Welding  IJnks,  Strength  of   Cables  and  Chains,   Certificates   for 

Cables,  Marking  Cables,  Prices  of  Chain  Cables  and  Chains,  Historical  Notes, 

Acts  of  Parliament,  Statutory  Tests,  Charges  for  Testing,  List  of  Manufacturers  of 

Cables,  &c.  &c.       By  Thomas  VV.  Traill,   F.E  R.N.,  M.InstCE.,  Engiocer- 

Surveyor-in-Chief,  Board  of  Trade,  Inspector  of  Chain  Cable  and  Anchor  Proving 

Establishments,  and    General    Superintendent,   Lloyd's   Committee    on    Proving 

Establishments.     With  numerous  Tables,  Illustrations,  and  Lithographic  Drawings. 

Folio,  £2  2s.  cloth,  bevelled  boards. 

**  It  contains  a  vast  amount  of  valuable  information.    Nothing  seems  to  be  wanttcg  to  make  it  a 
plete  and  standard  work  of  reference  on  the  subject.  "-~JVaw/!ir«/ MagoMine. 
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MINING  AND  METALLURGY. 
Mining  Machinery, 

MACHINERY  FOR  METALLIFEROUS  MINES  :  A  Practical  Treatise 
for  Mining  Engineers,  Metallurgists  and  Managers  of  Mines.  By  E.  Henry 
Davies,  M.E.,  F.G.S.  Crown  8vo,  580  pp.,  with  upwards  of  300  Illustrations. 
I2J.  6d,  cloth.  \Just  published, 

'^Mr.  Davies,  in  this  handsome  volume,  has  done  the  advanced  student  and  the  manager  of  mines 
good  service.  Almost  ever}'  kind  of  machinery  in  actual  use  is  carefully  described,  and  the  woodcuts 
^nd  plates  are  good." — Atkenaum. 

* '  From  cover  to  cover  the  work  exhibits  all  the  same  characteristics  which  excite  the  coniid  ence 
and  attract  the  attention  of  the  student  as  he  peruses  the  first  pa<;e.  The  work  may  safely  be  recom- 
naended.  By  its  publication  the  literature  connected  with  the  industry  will  be  enriched,  and  the 
reputatioa  of  its  author  enhanced."— Afmrm/-  yournal. 

*'  Mr.  Davies  has  endeavoured  to  brine  before  his  readers  the  best  of  everything  in  modern  mining 
appliances.  His  work  carries  internal  evidence  of  the  author's  impartiality,  and  this  constitutes  one 
of  the  great  merits  of  the  book.  Throughout  his  w^ork  the  criticisms  are  based  on  his  own  or  other 
reliable  experience." — Iron  and  Steel  Trades'  yonrna!. 

"  The  work  deals  with  nearly  every  class  of  machinery  or  apparatus  likely  to  be  met  with   or 
required  in  connection  with  metalhferous  mining,  and  is  one  which  we  have  every  confidence  in  recom' 
cnending." — PraUical  Engituer.^ 

**  Invaluable  to  mining  engineers,  metallurgists,  and  mine  maiugers.*' — The  Minins  Revie^v.^ 
Denver,  Colorado ,  U.S.A. 

Metalliferous  Minerals  and  Mining. 

A  TREATISE  ON  METALLIFEROUS  MINERALS  AND  MINING. 
By  D.  C.  Davies,  F.G.S.,  Mining  Engineer,  &c.,  Author  of  '*  A  Treatise  on  Slate 
and  Slate  Quarrying."  Fifth  Edition,  thoroughly  Revised  and  much  Enlarged, 
by  his  Son,  E.  Henry  Davies,  M.E.,  F.G.S.  With  about  150  Illustrations. 
Crown  8 vo,  12s.  6d  cloth. 
"  Neither  the  practical  miner  nor  the  general  reader,  interested  in  mines,  can  have  a  better  book  for 
his  companion  and  his  guide." — Mining^  JoMrnal. 

**  We  are  doing  our  readers  a  service  in  calling  their  attention  to  this  valuable  work." — Afining  World. 
**  A  book  that  will  not  only' be  useful  to  the  geologist,  the  practical  miner,  and  the  metallurgist ;  but 
also  very  interesting  to  the  general  public." — Iron. 

"  As  a  history  of  the  present  state  of  mining  throughout  the  world  this  book  has  a  real  value,  and  it 
supplies  an  actual  want." — AthentBum. 

Earthy  Minerals  and  Mining. 

A  TREATISE  ON  EARTHY  AND  OTHER  MINERALS  AND  MINING. 
By  D.  C.  Davies,  F.G.S.,  Author  of  "Metalliferous  Minerals,"  &c.  Third 
Edition,  Revised  and  Enlarged,  by  his  Son,  E.  Henry  Davies,  M.E.,  F.G.S. 
With  about  100  Illusts.  Crown  8vo,  12s.  6d,  cloth. 
"  We  do  not  remember  to  have  met  with  anjr  Enelish  work  on  mining  matters  that  contains  the  same 
amount  of  information  packed  in  equally  convenient  form." — Academy. 

'*  We  should  be  inclined  to  rank  it  as  among  the  very  best  of  the  handy  technical  and  trades 
manuals  which  have  recently  appeared." — British  Quarterly  Revisw, 

Metalliferous  Mining  in  the  United  Kingdom. 

British  mining  -.  a  Treatise  on  the  History,  Discovery,  Practical 

Development,  and  Future  Prospects  of  Metalliferous  Mines  in  the  United  Kingdom. 
By  Robert  Hunt,  F.R.S.,  Keeper  of  Mining  Records  ;   Editor  of  **  Ure's  Dic- 
tionary of  Arts,  Manufactures,  and  Mines,"  &c.      Upwards  of  950  pp.,  with  230 
Illustrations.     Second  Edition,  Revised.     Super-royal  8vo,  £2  2s.  cloth. 
**  One  of  the  most  valuable  works  of  reference  of  modem  times.    Mr.  Hunt,  as  Keeper  of  Minins 
Records  of  the  United  Kingdom,  has  had  opportunities  for  such  a  task  not  enjoyed  by  anyone  else,  and 
has  evidently  made  the  most  of  them.    .    .     .    The  language  and  stvle  adopted  are  good,  and  the  treat- 
ment of  the  various  subjects  laborious,  conscientious,  and  scientific.'  — Engineering. 

**  The  book  is,  in  fact,  a  treasure-house  of  statistical  information  on  mining  subjects,  and  we  know 
of  no  other  work  embodying  so  great  n  mass  of  matter  of  this  kind.  Were  this  the  only  merit  of  Mr. 
Hunt's  volume  it  would  be  sufficient  to  render  it  indispensable  in  the  library  of  everyone  interested  in  the 
development  of  the  mining  and  metallurgical  industries  of  this  country." — Atkenaum. 

"  A  mass  of  information  not  elsewhere  available,  and  of  the  greatest  value  to  those  who  may  be  in- 
terested in  our  great  mineral  industries."— i?«f7«^tfr. 

Underground  Pumping  Machinery. 

Mine   Drainage  :    Being  a  Complete  and  Practical  Treatise  on 

Direct-Acting  Underground  Steam  Pumping  Machinery,  with  a  Description  of  a 
large  number  of  the  bSst  known  Engines,  their  General  Utility  and  the  Special  Sphere 
of  their  Action,  the  Mode  of  their  Application,  and  their  merits  compared  with 
other  forms  of  Pumping  Machinery.  By  Stephen  Michbll.  8vo,  15^.  cloth. 
"  Will  be  highly  esteemed  by  colliery  owners  and  lessees,  mining  engineers,  and  students  Renerally 
who  require  to  be  acquainted  with  the  best  means  of  securing  the  drainage  of  mines.  It  is  a  most  valu- 
able work,  and  stands  almost  alone  in  the  literature  of  steam^  pumping  machinery." — Colliery  Gnardiam, 


Much 
ation  amongst 


valuable  information  is  given,  so  that  the  book  is  thoroughly  worthy  of  an  extensive  circu- 
;st  practical  men  and  purchasers  of  machinery." — Minify  jonmaL 
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Prospecting  for  Gold  and  other  Metals. 

The    PROSPECTOR'S    Handbook  :    a  Guide  for  the  Prospector 

and  Traveller  in  Search  of  Metal-Bearing  or  other  Valuable  Minerals.  By  J.  W. 
Anderson,  M.A.  (Camb.),  F.R.G.S.,  Author  of  "Fiji  and  New  Caledonia." 
Fifth  Edition,  thoroughly  Revised  and  Enlarged.     Small  crown  Svo,  3x.6^.  cloth. 

*'  Will  supply  a  much  felt  want,  especially  among  Colon*»u,  in  whose  way  are  so  often  thrown  many 
uiineralogical  specimens  the  value  of  which  it  is  difficult  to  determine/* — Emgineer. 

**  How  to  find  commercial  minerals,  and  how  to  identify  them  when  they  are  found,  are  the  leading 
points  to  which  attention  is  directed.  The  author  has  managed  to  pack  as  much  practical  detail  into  his 
pages  as  would  supply  material  for  a  book  three  times  its  size." — Mimrnc  Journal. 

Mining  Notes  and  Formulas. 

NOTES  AND  FORMUL/E  FOR  MINING  STUDENTS.  By  John 
Herman  Merivale,  M.A.,  Certificated  Colliery  Manager,  Professor  of  Mining  in 
the  Durham  College  of  Science,  Newcastle*upon-Tyne.  Third  Edition,  Revised* 
and  Enlarged.     Small  crown  Svo,  2s,  6d.  cloth. 


**  Invaluable  to  anyone  who  is  working  up  for  an  examination  on  mining  subjects.*' — C«(t/  tr»n 
Trades*  Review. 

*'  The  author  has  done  his  work  in  an  exceedingly  creditable  numner,  and  has  produced  a  book 
that  will  be  of  service  to  students,  and  those  who  axe  practically  engaged  in  miumg  operations." — 
Engineer. 

Handybook  for  Miners. 

THE  MINER'S  Handbook  :    a   Handybook  of  Reference  on  the 

subjects  of  Mineral  Deposits,  Mining  Operations,  Ore  Dressing,  &c.     For  the  Use- 
of    Students    and   others   interested    in    Mining  matter?.      Compiled  by   John 
Milne,   F.R.S.,    Professor  of    Mining   in    the   Imperial   University  of   Japan. 
Square  i8mo,  71.  6d,  cloth.  [Just  pttbiisked, 

"  Professor  Milne's  handbook  is  sure  to  be  received  with  favour  by  all  connected  with  mining,  and 
will  be  extremely  popular  among  students."— ^Mrwo'Jifm. 

Miners'  and  Metallurgists'  Pocket-Book. 

A  POCKET-BOOK  FOR  MINERS  AND  METALLURGISTS.  Com- 
prising Rules,  Formula;,  Tables,  and  Notes,  for  Use  in  Field  and  Office  Work. 
By  F.  Dan  vers  Power,  F.G.S.,  M.E.    Fcap.  Svo,  9J.  leather,  gilt  edges. 

"This  excellent  book  is  an  admirable  example  of  its  kind,  and  ought  to  find  a  large  sale  amoDg&k 
English-speaking  prospectors  and  mining  engineers." — EngtMeerittjsr. 

*'  Miners  and  metallurgists  will  find  m  this  work  a  useful  vaae-mecum  containing  a  mass  of  mles, 
formula,  tables,  and  various  other  information,  the  necessity  for  reference  to  which  occurs  in  their  daily 
duties." — Iron. 

Mineral  Surveying  and  Valuing. 

THE  MINERAL  SURVEYOR  AND  VALUER'S  COMPLETE  GUIDE. 
Comprising  a  Treatise  on  Improved  Mining  Surveying  and  the  Valuation  of 
Mining  Properties,  with  New  Traverse  T  ables.  By  Wm.  Lintbrn.  Third  Edition, 
Enlarged.     X2mo,  4^.  cloth. 

"Mr.  Lintera*s  book  forms  a  valuable  and  thoroughly  trustworthy  guide." — Irom  and  Coal  Trades' 
Review. 

Asbestos  and  its  Uses. 

ASBESTOS :    Its   Properties,   Occurrence,  and    Uses.      With   some 
Account  of  the  Mines  of  Italy  and  Canada.     By  Robert  H.  Jones.     With  Eighl 
Collotype  Plates  and  other  Illustrations.     Crown  Svo,  I2J.  6d.  cloth. 
*'  An  interesting  and  invaluable  work." — Colliery  Guardian. 

Explosives. 

A  Handbook  on  modern  Explosives.    Being  a  PracticaJ 

Treatise  on  the  Manufacture  and  Application  of  Dynamite,  Gun -Cotton,  Nitro- 
Glycerine  and  other  Explosive  Compounds.  Including  the  Manufacttire  of 
Collodion-Cotton.  By  M.  Eissler,  Mining  Engineer  and  Metallurgical  Chemist, 
Author  of  "The  Metallurgy  of  Gold,"  *'The  Metallurgy  of  Silver,"  &c  With 
about  100  Illustrations.     Crown  Svo,  lor.  6d,  cloth. 

"  Useful  not  only  to  the  miner,  but  also  to  officers  of  both  services  to  whom  blasting  and  the 
use  of  cxploaivfR  generally  may  at  any  time  become  a  necessary  auxiliary.**— JVo/nre. 

"  A  vRiitable  mine  of  inforrndtion  on  thf>  subject  of  explosives  employed  for  military,  roini^'g  and 
blasting  purpobC  s."—  At  my  and  Navy  Gazette. 
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£olliery  Management 

The    colliery    Manager's    handbook  :     A  Comprehensive 

Treatise  on  the  Laying-out  and  Working  of  Collieries,  Designed  as  a  Book  of 
Reference  for  Colliery  Managers,  and  for  the  Use  of  Coal-Mining  Students  pre- 
paring for  First-class  Certificates.  By  Caleb  Pamrly,  Mining  Engineer  and 
Sunreyor  ;  Member  of  the  North  of  England  Institute  of  Mining  and  Mechanical 
Engineers ;  and  Member  of  the  South  Wales  Institute  of  Mining  Engineers. 
With  nearly  500  Plans,  Diagrams,  and  other  Illustrations.  Second  Edition, 
Revised,  wiih  Additions,  medium  8vo,  about  700  pp.    Price  £l  $s,  strongly  bound. 

Summary  of  Contents. 

X^EOLOGY.  I    On  the  Friction  of  Air  in  Mines. 

Search  for  Coal.  '    The  Pribstman  Oil  Engine;  Petroleum  and 


Mineral  Leases  and  other  Holdings. 
Shaft  Sinking. 


Natural  Gas. 
Surveying  and  Planning. 


•  Fitting   Up  the   Shaft   and    Surface    Ar-       Safety  Lamps  and  Firb-Damp  Detectors. 


Sundry  and  Incidental  Operations  and  Ap- 
pliances. 
Colliery  Explosions. 
Miscellaneous  Questions  and  Answers. 
Appendix :  Summary  of  Report  of  H.M.  Com- 

MISSIONERS  on  ACCIDENTS   IN   MiMES. 


rangements. 
Steam  Boilers  and  their  Fittings. 
Timbering  and  Walling. 
Narrow  Work  and  Methods  of  Workiiig. 
Underground  Conveyance. 
Drainage. 
The  Gases  met  with  in  Mines  ;  Ventilation. 

*^*  Opinions  of  the  Press. 

"Mr.  Pamely  has  not  only  given  us  a  comprehensive  reference  book  of  a  verf  high  ordei. 
saitable  to  the  requirements  of  mining  engineers  and  colliery  managers,  but  at  the  same  time  has 
-provided  mining  students  with  a  class-book  that  is  as  interesting  as  it  is  instructive." — Colliery 
Manager, 

^  ''Mr.  Pamely's  work  is  eminently  suited  to  the  purpose  for  which  it  is  intended— bein^  clear,  inter- 
esting, exhaustive,  rich  in  detail,  and  up  to  date,  giving  descriptions  of  the  very  latest  machmes  in  every 
^icpartment.  ...  A  mining  engineer  could  scarcely  go  wrong  who  foliowed  this  work." — CoUitiy 
Guardian, 

*'  This  is  the  most  complete  '  all-round  *  work  on  coal-mining  published  in  the  English  language.  .  .  . 
2io  library  of  coal-miniog  books  is  complete  without  it*'— Coliiery  Engineer  (Scranton,  Pa.,  U.S.A.). 

^  **  Mr.  Pamely's  work  is  in  all  respects  worthy  of  our  admiration.    No  person  in  any  responsible 
-position  connecteo  with  mines  should  be  without  a  co^y. '*"  H^estminsUr  Revitw. 

(Coal  and  Iron. 

The  Coal  and  iron  industries  of  the  united  Kingdom. 

Comprising  a  Description  of  the  Coal  Fields,  and  of  the  Principal  Seams  of  Coal, 
with  Returns  of  their  Produce  and  its  Distribution,  and  Analyses  of  Special  Varie- 
ties. Also,  an  Account  of  the  occurrence  of  Iron  Ores  in  Veins  or  Seams  ;  Analyses 
of  each  Variety  ;  and  a  History  of  the  Rise  and  Progress  of  Pig  Iron  Manufacture. 
•By  Richard  Meade,  Assistant  Keeper  of  Mining  Records.  With  Maps  8vo, 
£1  Ss.  cloth. 

*'  The  book  is  one  which  mast  find  a  place  on  the  shelves  of  all  interested  in  coal  and  iron  production, 
and  in  the  iron,  steel,  and  other  metallurgical  industries." — Engineer. 

*'  Of  this  book  we  may  unreservedly  say  that  it  is  the  best  of  its  class  which  we  have  ever  met.  ... 
A.  book  of  reference  which  no  one  engaged  m  the  iion  or  coal  trades  should  omit  from  his  library." — Iron 
•and  Coal  Trades'  Review, 

JCoal  Mining. 

Coal  and  Coal  Mining,    a  Rudimentary  Treatise  on.     By  the 

late  Sir  Warington  W.  Smyth,  M.A.,  F.R.S.,  &c.,  Chief  Inspector  o^  the  Mines 
of  the  Crown.     Seventh  Edition,  Revised  and  Enlarged.     With  numerous  Illus- 
trations, i2mo,  4J.  cloth  boards. 
"  As  an  outline  is  given  of  every  known  coal-field  in  this  and  other  countries,  as  well  as  of  the  principal 
^methods  of  working,  the  book%irill  doubtless  interest  a  very  large  number  of  readers." — Mining  Journal, 

Subterraneous  Surveying. 

Subterraneous  Surveying,  Elementary  and  Practical  Treatise 

on ;  with  and  without  the  Magnetic  Needle.     By  Thomas  Fenwick,  Surveyor  of 
Mines,  and  Thomas  Baker,  C.E.    Illustrated.     i2mo,  ys,  cloth  boards. 

Granite  Quarrying. 

Granites    and    our    Granite    industries.     By  George 

F.  Harris,   F.G.S.,  Membre  de  la  Societe   Beige  de   Geologie,   Lecturer  on 

Economic  Geology  at  the  Birkbeck  Institution,  &c.     With  Illustrations.     Crown 

8vo,  2J.  6d,  cloth. 
•'  A  clearly  and  well-written  manual  for  persons  engaged  or  interested  in  the  granite  industry. "~ 

.Scotsman, 

"An  interesting  work,  which  will  be  deservedly  esteemed.'*— Co/lirry  Guardian, 

**  An  exceedingly  interesting  and  valuable  monograph  on  a  subject  which  has  hitherto  recoivod 

«inaccottntably  little  attention  in  the  shape  of  systematic  literary  treatment."— ScoffisA  Leader, 
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Qoldf  Metallurgy  of. 

The    Metallurgy    of    Gold:    a  Practical  Treatise    on  the 

Metallurgical  Treatment  of  Gold-bearing  Ores.    Including  the  Processes  of  Conca- 

tration  and  Cfalorination,  and  the  Assaying,  Melting,  and  Refining  of  Gold.     By  M. 

£tssi.ER,  Mining  Engineer  and  Metallurgical  Chemist,  formerlj  Assistant  Assayer 

of  the  U.S.  Mint,  San  Francisco.     Third  Edition,  Revised  and  greatly  Enlarged. 

With  187  Illustrations.     Crown  8to,  I2r.  6d^.  cloth. 

"  This  book  thoroufchly  deserves  its  title  of  a  '  Practical  Treatise.*  The  whole  process  of  co^d 
milling,  from  the  breaking  ot  the  quarts  to  the  as*ay  of  the  bullion,  is  described  in  clear  and  orderlf 
narrative  and  with  much,  but  not  too  much,  fulness  of  det^AV*— -Saturday  Review. 

"  The  work  is  a  storehouse  of  information  and  valuable  data,  and  we  strongly  recommend  it  x» 
all  professional  men  engaged  in  the  gold-mining  industry."— if  tnifi;  Journal. 

Silver,  Metallurgy  of, 

THE    METALLURGY  OF  SILVER  :    A   Practical   Treatise   on   the 

Amalgamation,  Roasting,  and  Lixiviation  of  Silver  Ores.  Including  the  Assaying, 
Melting,  and  Refining  of  Silver  Bullion.  By  M.  Eissler,  Author  of  "The  Metal- 
lurgy of  Gold,"  &c.  Second  Edition,  Enlarged.  With  150  Illustrations.  Crown 
8vo»  lox.  6d,  doth. 

**  A  practical  treatise,  and  a  technical  work  which  we  are  convinced  will  snpply  a  long  lelt  want 
amongst  practical  men,  and  at  the  same  time  be  of  value  to  students  and  others  mdirectlj  connected 
with  the  mdustries."— Af mw^  Journal. 

**  From  first  to  last  the  book  is  thoroughly  sound  and  reliable."— Co/ii«fy  Guardian. 
**  For  chemists,  practical  miners,  assayers,  and  investors  alike,  we  do  not  know  ot  any  work  00 
the  subject  so  handy  and  yet  so  comprehensive."— G^gow  Herald, 

lead,  Metallurgy  of 

The  metallurgy  of  argentiferous  lead:  a  Practical 
Treatise  on  the  Smelting  of  Silver-Lead  Ores  and  the  Refining  of  Lead  Bullion. 
Including  Reports  on  various  Smelting  Establishments  and  Descriptions  of  Modem 
Smelting  Furnaces  and  Plants  in  Europe  and  America.     By  M.  Eissler,   M.£.» 

Author  of  "  The  Metallurgy  of  Gold.*'  &c.     Crown  8vo,  400  pp.,  with  183  Illos- 

trations.  12s.  6d.  cloth. 

**  The  numerous  metallurgical  processes,  which  are  fully  and  extensively  treated  of,  embcace  all  the 
stages  experienced  in  the  passage  of  the  lead  from  the  various  natural  suues  to  its  issue  from  the  refinery 
as  an  article  of  commmrcm."  —Pnutical  Enginur. 

**  The  present  volume  fully  maintains  the  reputation  of  the  author.  Those  who  wish  to  obtain  a 
thorough  insight  into  the  present  state  of  this  industry  cannot  do  better  than  read  this  volume,  and  all 
mining  engineets  canncf^ail  to  find  many  useful  hints  and  suggestions  in  iu" --/ndusirift. 

"  It  is  most  carefully  written  and  illustrated  with  capital  drawings  and  diagrams.  In  fact,  it  is  the 
work  of  an  expert  for  experts,  by  whom  it  will  be  prized  as  an  indispensable  text-book." — BruUi 
Mercury, 

Iron,  Metallurgy  of. 

METALLURGY  OF  IRON.  Containing  History  of  Iron  Manufacture, 
Methods  of  Assay,  and  Analyses  of  Iron  Ores,  Processes  of  Manufacture  of  Iron 
and  Steel,  &c.  By  H.  Bauerman,  F.G.S.,  A.R.S.M.  With  numerous  Illus- 
trations.    Sixth  Edition,  Revised  and  Enlarged.     i2mo,  5^.  6d,  cloth. 

"  Carefully  written,  it  has  the  merit  of  brevity  and  conciseness,  as  to  less  important  points ;  while 
all  material  matters  are  very  fully  and  thoroughly  entered  itAo.^'—Standi^d. 

iron  Mining. 

The  iron  Ores  of  Great  Britain  and  Ireland:   Their 

Mode  of  Occurrence,  Age  and  Origin,  and  the  Methods  of  Searchingr  for  and 
Working  Them.     With  a  Notice  of  some  of  the  Iron  Ores  of  Spain.     By  J.  D. 
Kendall,  F.G.S.,  Mining  Engineer.     With  Plates  and  Illustrations.   Crown  Zyo, 
i6s,  cloth. 
"  The  author  has  a  tboroiiKh  practical  knowledge  of  his  subject,  and  has  supplemented  a  carefal 
study  of  the  available  literaiuie  by  unpublished  information  derived  from  his  own  observations. 
The  result  is  a  very  useful  volume  which  cannot  f^iil  to  be  of  value  to  all  interested  in  the  iron  in- 
dustry of  the  CQwniry.**— Industries. 

**  Constitutes  a  systematic  and  careful  account  of  our  present  knowledge  of  the  origin  and  occur- 
rence of  the  iron  ores  of  Great  Britain,  and  embraces  a  description  of  the  means  employed  in  reach- 
ing and  working  these  ores." — Iron, 

"  Mr.  Kendall  is  a  great  authority  on  this  subject  and  writes  from  personal  observation."-* 
Colliery  Guardian, 

"  Mr.  Kendall's  book  is  thoroughly  well  done.  In  it  there  are  the  outlines  of  the  history  of  dte 
mining  in  tjvery  centre  and  there  is  everything  that  we  want  to  know  as  to  the  character  of  the  ores 
of  each  district,  their  commercial  value  and  the  cost  of  working  them."— -/roM  and  Steel  Trades 
Journal. 
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Eleotrioal  Engineering. 

The  Electrical  Engineer's   pocket-book  of  modern 

Rules,  Formula,  Tables,  and  Data.     By  H.  R.  Kempb.  M.  Inst.  K.E., 

A.  M.  Inst.  C.E.,  Technical  Officer,  Postal  Telegraphs,  Author  of  *'  A  Handbook  oi 
Electrical  Testing,"  &c.  Second  Edition,  Thoroughly  Revised,  with  Additions. 
With  numerous  Illustrations,  royal  32mo,  oblong,  ^s.  leather. 

"  There  is  very  little  ia  the  shape  of  formulae  or  data  which  the  electrician  is  likely  to  want  in 
a  hurry  which  cannot  be  found  in  its  pages."— Practicoi  Engineer. 

**  A  very  useful  book  of  reference  for  daily  use  in  practical  electrical  engineering  and  its  various 
applications  to  the  industries  of  the  present  day."— /row. 

*'  It  is  the  best  book  of  its  kind.**— Electrical  Eni^ituer. 

**  Well  arranged  and  compact.  The  Electrical  Engineer's  Pocket-Book  is  a  good  one."— Elec* 
trician. 

**  Strongly  recommended  to  those  engaged  in  the  various  electrical  industries."'*  Electrical 
Review, 

Electric  Lighting, 

Electric  Light  Fitting  :  a  Handbook  for  Working  Electrical 
Engineers,  embodying  Practical  Notes  on  Installation  Management.  By  J.  W. 
Urquhart,  Electrician,  Author  of  "  Electric  Light,"  &c.  With  numerous  Illuss. 
Second  Edition,  Revised,  with  Additional  Chapters.    Crown  8vo,  5;.  cloth. 

"This  volume  deals  with  what  may  be  termed  the  mechanics  of  electric  lighting,  and  is 
addressed  to  men  who  are  already  engaged  in  the  work,  or  are  training  for  it.  The  work  traverses 
a  great  deal  of  ground,  and  may  be  read  as  a  sequel  to  the  same  author's  useful  work  00  '  Electj  ic 
Light.*  "—Electrician, 

"This  is  an  attempt  to  state  in  the  simplest  language  the  precautions  which  should  be  adopted 
in  installing  the  electric  light, and  to  give  information  for  the  guidance  of  those  who  have  to  run  the 
plant  when  installed.  The  book  is  well  worth  the  perusal  of  the  workman,  lor  whom  it  is  written." — 
Blectrical  Review. 

"We  have  read  this  book  with  a  good  deal  of  pleasure.  We  believe  that  the  book  will  bp  ot 
use  to  practical  workmen,  who  will  not  be  alarmed  by  finding  mathematical  formulas  which  they 
are  unable  to  understand."— £^c/rtca/  Plant. 

"  Eminently  practical  and  useful Ought  to  be  in  the  bands  of  everyone  in  charge  of  an 

electric  lieht  plant."— £/«c/rtca/  Engineer. 

"  Mr.  urquhart  has  succeeded  in  producing  a  really  capital  book,  which  we  have  no  hesitation 
in  recommending  to  working  electricians  and  electrical  engmeers."— i/ccAanico/  World, 

Electric  Light 

Electric    Light  :    its   Production  and  Use,    Embodying  Plain 

Directions  for  the  Treatment  of  Dynamo- Electric  Machines,  Batteries,  Accumulators, 
and  Electiic  Lamps.  By  T.  W.  Urquhart,  C.E.,  Author  of  "Electric  Light 
Fitting,'*  **  Electroplating,*^*  &c.  Fifth  Edition,  carefully  Revised,  with  Larfic 
Additions  and  145  Illustrations.    Crown  8vo,  "js,  (ki.  cloth. 

"  The  whole  ground  of  electric  lighting  is  more  or  less  covered  and  explained  in  a  very  clear  and 
concise  manntr."—Siecirtcal  Rei'iew, 

"  Contains  a  good  deal  of  very  interesting  information,  especially  in  the  parts  where  the  author  gives 
dimensions  and  working  costs." — EUctricnl  Engineer. 

*'  A  miniature  vade-mecum  of  the  *alienc  tacts  connected  with  the  science  of  electric  lighting. " — 
SUctridan, 

•*  You  cannot  for  your  purpose  hive  a  better  book  than  *  Electric  Light.'  by  Urquhart."— jE'i^fwi/^r. 

"The  book  is  by  far  the  best  that  we  have  yet  met  with  on  the  subject.*' — Atherueum, 

Construction  of  Dynamos, 

Dynamo  Construction  :  a  Practical  Handbook  for  the  Use  of 
Engineer  Constructors  and  Electricians-in-Gharge.  Embracing  Framework  BuiUU 
ing.  Field  Magnet  and  Armature  Winding  and  Grouping,  Compounding,  &c. 
With  Examples  of  leading  English,  American,  and  Continental  Dynamos  and 
Motors.  By  J.  W.  Urquhart,  Author  of  "Electric  Light,'*  "Electric  Light 
Fitting,"  &c.     With  upwards  of  100  Illustrations,  crown  8vo,  ys,  6d.  cloth. 

"  Mr.  Urquhart*s  book  is  the  first  one  which  deals  with  these  matters  in  sucn  a  way  that  the  engineer- 
ing student  can  understand  thein.  The  book  is  very  readable,  and  the  author  leads  his  readers  up  to 
difficult  subjects  by  reasonably  simple  tests." — Engineering  Review. 

"The  author  deals  with  his  subject  in  a  style  so  popular  as  to  make  his  volume  a  handbook  of  great 
practical  value  to  engineer  contractors  and  electricians  in  charge  of  lighting  \nM»\\aX\OTis."  — Scotsman. 

*"  Dynamo  Construction '  more  than  sustains  the  high  character  of  the  author's  previous  publici^ 
tions.  It  is  nure  to  be  widely  read  by  the  large  and  rapidly-increasing  number  of  practical  electnciaok." 
^^Gia^fffw  Herald. 

**  A  book  for  which  a  demand  has  long  existed." — MechaniceU  World. 
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A  New  Dictionary  of  Electricity. 

THE  STANDARD  ELECTRICAL  DICTIONARY.  A  Popular  Dic- 
tionary of  Words  and  Terms  Used  in  the  Practice  of  Electrical  Engineering-  Con- 
taining upwards  of  3,000  Definitions.  By  T.  O'Connor  Sloank,  A.M.,  Ph.D., 
Author  of  "The  Arithmetic  of  Electricity,"  &c.  &c.      Cr  'av  SJ%'o,  630  pp.,  350 

r'nstrations,  7j.  6d.  cloth.  \Just  pubthkU, 

"  I  ne  work  has  many  attrac*^ive  features  in  it,  and  is,  beyond  doubt,  a  well  pot  tngetfaer  a.nd  vcs/t- 
ful  publication.  The  amount  of  gioond  coveind  may  be  gathered  from  (be  fact  that  in  tlm  index 
about  5,000  references  will  be  found.  1  he  incl  >sion  of  such  comparatively  modern  words  as  'im- 
pedance,' '  reluctance,'  &c..  shows  that  ttio  author  has  desired  to  be  up  to  date,  and  indeed  there  are 
other  indications  of  carefulness  of  compilation.  The  work  is  one  which  does  the  author  great  credxi 
and  it  should  prove  of  great  value,  especially  to  students." — EUctricai  Reviev. 

"We  have  found  the  book  very  complete  and  reliable,  and  can,  therefoie,  commend  it  heartily. " 

Mechmmeal  Worid, 

"  Very  complete  and  conta'ns  a  large  amount  of  useful  information." — /lufus/rtes. 

"  An  eccyclopsedia  of  electrical  science  in  the  compass  oFa  dictionary.  The  information  given 
is  sound  and  clear.  The  book  is  well  printed,  welt  illustrated,  and  well  np  to  date,  and  may  be 
confidently  rt commended."— Builder. 

"  We  hail  the  appearance  of  this  little  work  as  one  which  will  meet  a  want  that  has  been  keenly 
fait  <or  some  time.  .  .  .  The  author  is  to  be  congratulated  on  the  excellent  manner  in  which  he 
has  accomplished  his  task."— Practical  Engineer. 

"  The  volume  is  excellently  printed  and  illustrated,  and  should  Mrm  part  of  the  library  of  evefy 
one  who  is  directly  or  indirectly  connected  with  electrical  matters." — Hardware  Trade  Journal. 

Electric  Lighting  of  Ships. 

Electric  Ship-Lighting  :   A  Handbook  on  the  Practical  Fitting 

and  Running  of  Ship's  Electrical  Phnt.     For  the  Use  of  Shipowners  and  Builders, 

Marine  Electricians,  and  Sea-goinij  Engineers  in  Charge.     By  J.  W.  Urquhart, 

(  .  K  ,  Author  of  "  Electric  Light,"  \c.     With  88  lUusts.,  crown  8vo.  ^s.  6d.  cloth. 

"  The  subject  of  ship  electric  lijchting  is  one  of  vast  importance  in  these  dnv*,  and  Mr.  Urqabart 

Is  to  be  highly  complimented  for  placing  such  a  valuable  work  at  the  service  . :  the  practical  marine 

e.cctricisin."— r/ir  Steamship. 

"  l)'srinctly  a  book  which  of  its  kind  stands  almcst  alone,  and  for  which  there  should  be  a 
demtrnd,"— Electrical  Review. 

Electric  Lighting. 

The  Elementary  principles  of  Electric  Lighting.    By 

Alan  A.  Campbell  Swinton,  Associate  l.E.E.     Third  Edition,  Enlarged  and 
Revised.     With  Sixteen  Illustrations.     Crown  8vo,  is.  (id.  cloth. 
"Anyone   who  desires  a  short  and  thoroughly  clear  exposition  of  the  elementary  principles  of 
electric-lighting  cannot  do  better  than  read  this  little  work.*' — Br»kd/erd  Obtervtr. 

Dynamic  Electricity. 

The  Elements  of  dynamic  Electricity  and  magnetism. 

hy  Hhfmp  Atkinson,  A.M.,  Ph.D.,  Author  of  **  Elements  of  Static  Electricity," 
''The  Elements  of  Electric  Lighting,"  Sec.  &c.  Crown  8vo,  417  pp.,  with  120 
Illustrations,  zcxr.  6d.  cicth. 

Electric  Motors,  Ac. 

The  Electric  Transformation  of  power  and  its  Applica- 
tion by  the  Electric  Motor,  including  Electric  Railway  Construction.  By  P. 
Atkinson,  A.M.,  Ph.D.,  Author  of  **The  Elements  of  Electric  Lighting,"  &c. 
With  96  Illustrations.     Crown  8vo,  ys.  6d.  cloth. 

Dynamo  Construction. 

How  to   Make  a  Dynamo  :  A  Practical  Treatise  for  Amateursw 

Containing  numerous  Illustrations  and  Detailed  Instructions  for  Constructing  ft 
Small  Dynamo   to  Produce  the  Electric  Light.     By  Alfrbd  Crofts.     Fourth 
Edition,  Revised  and  Enlarged.     Crown  8vo,  2s.  cloth. 
"  The  instructions  given  in  this  unpretentious  little  book  are  sufficiently  clear  and  explicit  to 

enable  any  amateur  mechanic  possessed  of  average  skill  and  the  usual  tools  to  be  found  in  an 

amateur's  workshop,  to  build  a  practical  dynamo  machine." — EUctriciaa. 

Text'Booli  of  Electricity. 

The  student^s  Text-book  of  Electricity.    By  h.   m. 

NOAD,    Ph.D.,    F.R.S.      New    Edition.       With    Introduction    and    Additional 
Chapters  by  W.  H.  Preeck,  M.I.C.E.    Crown  8vo,  12s.  6d.  cloth. 

Electricity. 

A  Manual  of  Electricity  :  including  Galvanism,  Magnetism, 
Dia-Magnetism,  Electro-Dynamics,  &c.  By  H.  M.  Noad,  Ph.D.,  F.R.S.  Fourth 
Edition  (1859).      8vo,;^i  4x.  cloth. 
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Building  Construction, 

PRACTICAL    Building    Construction  :    A    Handbook   for 

Students  Preparing  for  Examinations,  and  a  Book  of  Reference  for  Persons  En- 
gaged in  Building.  By  John  Parnell  Allen,  Surveyor,  Lecturer  on  Building 
Construction  at  the  Durham  College  of  Science,  Newcastle-on-Tyne.  Medium 
8vo,  450  pages  with  1,000  Illustrations.     12s,  6d.  cloth.  [Just published. 

"This  volume  is  one  of  the  most  complete  expositions  of  building  construction  we  have  seen.  It 
contains  all  that  is  necesiary  to  prepare  students  for  the  various  examinations  in  building  construc- 
-cion." — Building  Xnvs, 

*'  The  author  depends  nearly  a^  much  on  his  diagrams  as  on  his  type.  The  pages  sugr;est  the 
liand  of  a  man  of  experience  in  h  lilding  operations — and  the  volume  must  be  a  blessing  to  many 
teachers  as  well  as  to  students. " —  'r/te  A  rchitect. 

"This  volume  promises  to  be  the  recognised  handbook  in  all  advanced  classes  where  building 
construction  is  taught  from  a  practical  point  of  view.  We  strongly  coomend  the  book  to  the  notice  of 
.all  teachers  of  building  construction."  —  Technical  li^or/d. 

**The  work  is  sure  to  prove  a  formidable  rival  to  great  and  small  competitors  alike,  and  bids  fair 
*,o  take  a  permanent  place  as  a  favourite  students*  text>book.  The  large  numVer  of  illustrations  deserve 
particular  mention  for  the  great  merit  they  possess  for  purposes  of  reference,  in  exactly  corresponding 
to  convenient  scales." — your,  Inst.  Brit.  Archts. 

Concrete. 

CONCRETE  :  ITS  NATURE  AND  USES.  A  Book  for  Architects, 
Builders,  Contractors,  and  Clerks  of  Works.  By  George  L.  Sutcliffe, 
A.R.I.B.A.     350  pages,  with  numerous  Illustrations.    Crown  8vo,  Js,  6d,  cloth. 

[Just  publisked. 
**  The  author  treats  a  difficult  subject  in  a  lucid  manner.    The  manual  fills  a  long  felt  gap.     It  is 
careful  and  exhaustive :  equally  useful  as  a  student's  guide  and  an  architect's  book  of  reference." — 
youmal  of  Royal  Instituti  n  of  British  Architects. 

"  There  is  room  for  this  new  book,  which  will  probably  be  for  some  time  the  standard  work  on  the 
subject  for  a  builder's  \>Mr^ie."—Giasgoiv  Herald. 

•'A  thoroughly  useful  and  comprehensive  work." — British  Architect, 

Mechanics  for  Arcfiitects. 

The  MECHANICS  OF  ARCHITECTURE  :  A  Treatise  on  Applied 
Mechanics,  especially  Adapted  to  the  Use  of  Architects.  By  E.  W.  Tarn,  M.A., 
Author  of  **  The  Science  of  Building,"  &c.  Second  Edition,  Enlarged.  Illus- 
trated with  125  Diagrams.     Crown  8vo,  7j.  6d.  cloth.  [Just published. 

"The  book  is  a  very  useful  and  helpful  manual  of  architectural  mechanics,  and  really  contains 
sufficient  to  enable  a  careful  and  painstaking  student  to  grasp  the  principles  bearing  upon  the  ma- 
jority of  building  problems.  .  .  .  Mr.  Tarn  has  added,  by  this  volume,  to  the  debt  of  ^titude 
which  is  owing  to  him  by  architectural  students  lor  the  many  valuable  works  which  be  nas  pro- 
duced for  their  use."— T/i*  Builder. 

"  The  mechanics  in  the  volume  are  really  mechanics^nd  are  harmoniously  wrought  in  with  the 
•distinctive  professional  matter  proper  to  the  subject.  The  diagrams  and  type  are  commendably 
•clear."— JA^  Schoolmaster. 

Tlie  New  Builder's  Price  Booh,  1894. 

LOCKWOOD'S    BUILDER^S    PRICE    BOOK    FOR    1894.      A    Com- 

Srehensive  Handbook  of  the   Latest  Prices  and  Data  for  Builders,  Architects, 
ngineers.  and  Contractors.     Re-constructed,  Re-written,  and   Greatly  Enlarged. 
By  Francis  T.  W.  Miller.    700  closely-printed  pages,  crown  8vo,  4s,  cloth. 

"  This  book  is  a  very  useful  one,  and  should  find  a  place  in  every  English  office  connected  with 
the  building  and  engineering  proiessions."— Industries, 

**  An  excellent  book  of  reference.'' — .Architect. 

"  In  its  new  and  revised  form  this  Price  Book  is  what  a  work  of  this  kind  should  be— compre- 
lienslve,  reliable,  well  arranged,  legible,  and  well  bound." — British  A  rchitect. 

Designing  Buildings. 

The    Design   of    Buildings:   Being  Elementary  Notes   on  the 

Planning,  Sanitation  and  Ornamentive  Formation  of  Structures,  based  on  Modem 
Practice.  Illustrated  with  Nine  Folding  Plates.  By  W.  Woodley,  Assistant 
Master,  Metropolitan  Drawing  Classes,  &c.     Demy  8vo,  6^.  cloth.  [Just published. 

Sir  William  Chambers's  Treatise  on  Ciuil  Architecture. 

THE  Decorative  Part  of  Civil  architecture.     By  Sir 

William  Chambers,  F.R.S.  With  Portrait,  Illustrations,  Notes,  and  an 
Examination  of  Grecian  Architecture,  by  Joseph  Gwilt,  F.S.A.  Re- 
vised and  Edited  by  W.  H.  Leeds.    66  Plates,  410,  21s,  cloth. 
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Villa  Architecture. 

A  Handy  book  of  Villa  architecture  :   Bcbg  a  Series  of 

Designs  for  Villa  Residences  in  various  Styles.     With  Outline  Specifications  and 
Estimates.     By  C.  Wickes,  Architect,  Author  of  *'  The  Spires  and  Towers  of 
England,"  &c.     6l  Plates,  4to,  j^i   IIJ-.  6d.  half.morocco,  gilt  edges. 
'*The  whole  of  the  designs  bear  evidence  of  their  being  the  work  of  an  artistic  architect,  and  they 
will  prove  very  valuable  and  suggestive.'* — BuildiMg  N^vn. 

Text-Book  for  Architects. 

The  ARCHITECT'S  Guide  :  Being  a  Text-book  of  Useful  Infoi- 
mation  for  Architects,  Engineers,  Surveyors,  Contractors,  Clerks  of  Works,  && 
&c.     By  Frederick  Rogers,  Architect.    Third  Edition.    Cr.  8vo,  3^.  M,  cloth. 

*'  As  a  text-book  of  useful  information  for  architects,  engineers,  surveyors,  &c.,  it  would  be  hard  to 
find  a  handier  or  more  complete  little  yolumt,**—Siafuiard. 

Taylor  and  Oreay'e  Rome. 

The  ARCHITECTURAL  ANTIQUITIES  OF  ROME.  By  the  late 
G.  L.  Taylor,  Esq.,  F.R.I.B.A.,  and  Edward  Cresy,  Esq.  New  Editioii, 
thoroughly  Revised  by  the  Rev.  Alexander  Taylor,  M.  A.  (son  of  the  late  G.  I* 
Taylor,  Esq.),  Fellow  of  Queen's  College,  Oxford,  and  Chaplain  of  Gray's  Inn. 
Large  folio,  with  130  Plates,  ^"3  3^.  half-bound. 
"Taylor  and  Cresy 's  work  has  from  lu  first  publication  been  ranked  among  those  professional  books 
which  cannct  be  bettered." — Architect, 

Linear  Perspective. 

ARCHITECTURAL  PERSPECTIVE.  The  whole  Course  and  Opera- 
tions of  the  Draughtsman  in  Drawing  a  Large  House  in  Linear  Perspective- 
Illustrated  by  39  Folding  Plates.     By  F.  O.  Ferguson.     8vo,  3?.  6d.  boards. 

'*  It  is  the  most  intelligible  uf  the  treatises  on  this  ill-:reated  subject  that  I  have  met  with." — 
£.  Ingkbss  Bell,  Esq.,  tn  tkeR.l.B,A,  y<mmai. 

Architectural  Drawing. 

Practical  Rules  on  Drawing,   for  the  Operative  Builder 

and  Young  Student  in  Architecture.  By  George  Pyne.  With  14  Plates,  410. 
7^.  6d,  boards. 

Vitruvius*  Architecture. 

The  Architecture  of  Marcus  Vitruvius  pollio.  Trans- 
lated by  Joseph  Gwilt,  F.S.A.,  F.R.A.S.  New  Edition,  Revised  by  the 
Translator.    With  23  Plates,  fcap.  8vo,  sx.  cloth. 

Designing,  Measuring,  and  Valuing. 

The  STUDENT'S  Guide  to  the  practice  of  measuring 

AND  Valuing  Artificers'  WorK.  Containing  Directions  for  taking  Dimen- 
sions, Abstracting  the  same,  and  bringing  the  Quantities  into  Bill,  with  Tables  of 
Constants  for  Valuation  of  Labour,  and  for  the  Calculation  of  Areas  and  Solidities. 
Originally  edited  by  Edward  Dobson,  Architect.  With  Additions  by'  E.  AVynd- 
HAM  Tarn,  M.  A.     Sixth  Edition.     With  8  Plates  and  63  Woodcuts.    Crown  8vo, 

*js,  6d.  cloth. 
**  This  edition  will  be  found  the  most  complete  treatise  on  the  principles  of  measuring  and  valuing 
artificers'  work  that  has  yet  been  published.*' —^Wile&'Mif  News, 

Pocket  Estimator  and  Technical  Quide. 

The  Pocket  technical  Guide,  measurer,  and  Estimator 

FOR  Builders  and  Surveyors.     Containing  Technical  Directions  for  Measuriiig 
Work  in  all  the  Building  Trades,  Complete  Specifications  for  Houses,  Roads,  and 
Drains,  and  an  Easy  Method  of  Estimating  the  parts  of  a  Building  collectively. 
By  A.  C.  Beaton.     Sixth  Edition.     Waistcoat-pocket  size,  is,  6//.  gilt  edges. 
"  No  builder,  architect,  surveyor,  or  valuer  should  be  without  his  '  Beaton.*  '* — Bitiiding  News, 

Donaldson  on  Specifications. 

THE  Handbook  of  Specifications;  or.  Practical  Guide  to 

the  Architect,  Engineer,  Surveyor,  and  Builder,  in  drawing  up  Specifications  and 

Contracts  for  Works  and  Constructions.     Illustrated  by   Precedents  of  Buildings 

actually  executed   by  eminent   Architects  and   Enginee^rs.      By  Professor  T.  L- 

Donaldson,  P.R.I.B.  A.,  &c.     New  Edition,  in  One  large  Vol.,  8vo,  with  upwards 

of  1,000  pages  of  Text,  and  33  Plates,  £i  lis.  td.  cloth. 

"...    Valuable  as  a  record,  and  more  valuable  still  as  a  book  of  precedents.     .     .    .     Suffice  it 
to  say  that  Donaldson's  '  Handbook  of  Specifications'  must  be  bought  by  all  architects.*' — Builder, 
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Bartholomew  and  Rogers'  Specifioationa. 

SPECIFICATfONS   FOR  PRACTICAL  ARCHITECTURE.     A  Guide  to 

the  Architect,  Engineer,  Surveyor,  and  Builder.     With  an  Essay  on  the  Structure 

and  Science  of  Modem  Buildings.     Upon  the  Basis  of  the  Work  by  Alfred 

Bartholomew,  thoroughly  Revised,  Corrected,  and  greatly  added  to  by  Frederick 

Rogers,    Architect.      Third  Edition,  Revised,  with  Additions.     With  numerous 

Illustrations,  medium  8vo,  15J.  cloth. 

"  The  collection  of  specifications  prepared  by  Mr.  Rogers  on  the  bans  of  Bartholomew's  work  is  too 
-well  known  to  need  any  recommendation  from  us.  It  is  one  of  the  books  with  which  every  young  archi> 
tect  must  be  equipped." — Architect. 

Construction. 

The   Science   of   Building  :    An  Elementary  Treatise  on  the 
Principles  of  Construction.     By  E.  Wyndham  Tarn,  M.A.,  Architect.     Third 
Edition,  Revised  and  Enlarged,  with  59  Engravings.     Fcap.  8vo,  4/.  cloth. 
"A  very  valuable  book,  which  we  strongly  recommend  to  all  students." — Builder. 

House  Building  and  Repairing. 

The    HOUSE-OWNER'S   ESTIMATOR;   or,  What  will  it   Cost  to 
Build,  Alter,  or  Repair  ?     A  Price  Book  for  Unprofessional  People,  as  well  as 
the  Architectural  Surveyor  and  Builder.     By  J.  D.  Simon.     Edited  by  F.  T.  W. 
Miller,  A.R.I.B.A.     Fourth  Edition.    Crown  8vo,  3^.  (xi.  cloth. 
*'  In  two  years  it  will  repay  its  cost  a  hundred  times  over.** —Field, 

Cottages  and  Villas, 

Country  and  Suburban  Cottages  and  Villas  -.  How  to 

Plan  and  Build  Them.  Containing  33  Plates,  with  Introduction,  General 
Explanations,  and  Description  of  each  Plate.  By  James  W.  Bogue,  Architect, 
Author  of  **  Domestic  Architecture,"  &c.    4to,  ioj.  6d.  cloth. 

Building ;  dull  and  Eoolesiastical. 

A  BOOK  ON  Building,  Civil  and  Ecclesiastical,  including  Church 

Restoration ;  with  the  Theory  of  Domes  and  the  Great  Pyramid,  &c.     By  Sir 
Edmund  Beckett,  Bart,  LL.D.,  F.R.A.S.  Second  Edition.  Fcap.  8vo,  5^.  cloth. 
"  A  book  which  is  always  amusing  and  nearly  always  instructive.** — TJke  Times. 

Sanitary  Houses,  etc. 

The  Sanitary  arrangements  of  Dwelling-houses.   By 

A.  J.  Wallis  Tayler,  A.M.Inst.  C.E.  Crown  8vo,  with  numerous  Illustra- 
tions. [In  the  press. 

Ventilation  of  Buildings. 

VENTILATION.  A  Text-Book  to  ihe  Practice  of  the  Art  of  Venti- 
lating Buildings.    By  W.  P.  Buchan,  R.P.     i2mo,  4/.  cloth. 

"  Contains  a  great  amount  of  useful  practical  information,  as  thoroughly  interestin;;  as  it  is  techni- 
cally reliable."*- ^rx7/xA  Architect, 

The  Art  of  Plumbing. 

Plumbing,     a  Text-Book  to  the  Practice  of  the  Art  or  Craft  of  the 

Plumber.    By  W.  P.  Buchan,  R.P.    Sixth  Edition,  Enlarged.    i2mo,  4s.  cloth. 
"  A  text  book  which  may  be  safely  pot  in  the  hands  of  every  youog  plumber." — Builder, 

Geometry  for  the  Architect,  Engineer,  Ac. 

PRACTICAL  Geometry,  for  the  Architect,  Engineer,  and  Mechanic. 

Giving  Rules  for  the  Delineation  and  Application  of  various  Geometrical  Lines, 

Figures,  and  Curves.    By  E.  W.  Tarn,  M.  A.,  Architect.     8vo,  9J.  cloth. 

**  No  book  with  the  saine  objects  in  view  has  ever  been  published  in  wbich  the  clearness  of  the  rules 
aid  down  and  the  illustrative  diagrams  have  been  so  satisfactory.'*— vSVo/fmaw. 

The  Science  of  Qeometry. 

The  Geometry  of  Compasses  ;  or,  Problems  Resolved  by  the 

mere  Description  of  Circles,  and  the  use  of  Coloured  Diagrams  and  Symbols.  By 
Oliver  Byrne.     Coloured  Plates,    Crown  8vo,  3J.  6d.  cloth. 
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CARPENTRY,  TIMBER,  etc. 

Jredgold'8  Carpentry,  Revised  and  Enlarged  by  Tarn. 

The  Elementary  Principles  of  carpentry  :  a  Treatise 

on  the  Pressure  and  Equilibrium  of  Timber  Framing,  the  Resistance  of  Timber, 
and  the  Construction  of  Floors,  Arches,  Bridges,  Roofs,  Uniting  Iron  and 
Stone  with  Timber,  &c.  To  which  is  added  an  Essay  on  the  Nature  and  Pro- 
perties of  Timber,  &c.,  with  Descriptions  of  the  kinds  of  Wood  used  in  Buildine; 
also  numerous  Tables  of  the  Scantlings  of  Timber  for  different  purposes,  the  Specific 
Gravities  of  Materials,  &c.  By  Thomas  Tredgold,  C.E.  With  an  Appendix 
of  Specimens  of  Various  Roofs  of  Iron  and  Stone,  Illustrated.  Seventh  Edition, 
thoroughly  Revised  and  considerably  Enlarged  by  E.  Wyndham  Tarn,  M.A., 
Author  of  "  The  Science  of  Building,"  &c.  With  6i  Plates,  Portrait  of  the  Author, 
and  several  Woodcuts.     In  One  laige  Vol.,  4to,  2$s.  doth. 

*'  Ought  to  be  in  every  architect's  and  every  builder's  library."— i?wA/rr. 

"  A  work  whose  monumental  excellence  must  commend  it  wherever  skilful  carpentry  is  cca<%med. 
The  author's  principles  are  rather  confirmed  than  impaired  by  time.  The  additional  plates  ane  of  gTcat 
■intrinsic  value." — Building^  News. 

Woodworking  Machinery. 

Woodworking  machinery:  its  Rise,  Progress,  and  Con- 
struction. With  Hints  on  the  Management  of  Saw  Mills  and  the  Economical  Con- 
version of  Timber.  Illustrated  with  Examples  of  Recent  Designs  by  leading  English, 
French,  and  American  Engineers.  ByM.  Powis  Bale,  A.M.Inst.C.E.,  M.I.M.E. 
Second  Edition,  Revised,  with  large  Addition.%  large  crown  8vo,  440  pages,  9;. 
cloth.  \yust  pitblished. 

"Mr.  Bale  is  evidently  an  expert  on  the  subject,  and  be  has  collected  so  much  intornnatioa  that  his 
hook  i.s  all-sufficient  for  builders  and  others  engaffed  in  the  conversion  of  timber." — A  wkitect, 

"  The  most  comprehensive  compendium  of  wood-working  machinery  we  have  seen.  The  author  is  a 
thorouj^h  master  of  his  subject." — Building  News. 

Saw  Milla. 

Saw    Mills  :     Their    Arrangement    and    Management,   and    the 

Economical  Conversion  of  Timber.      (A  Companion  Volume  to  '*  Woodworking 

Machinery.")    By  M.  Powis  Bale.    Crown  8vo,  lor.  6d.  cloth. 

"The  armi  tistration  of  a  large  sawing  establishment  is  discussed,  and  the  subject  examined  from  a 

financial  stanopoint    Hence  the  size,  shape,  order,  and  disposition  of  saw-mills  and  the  like  are  gone  into 

«n  detail,  and  the  course  of  the  timber  is  traced  from  its  reception  to  its  delivery  in  its  convened  state. 

We  could  not  desire  a  more  complete  or  practical  treatise." — Builder. 

Mioholson'a  Carpentry. 

The   CARPENTER'S    NEW    GUIDE  ;    or,  Book  of  Lines  for  Car- 

penters ;  comprising  all  the  Elementary  Principles  essential  for  acquiring  a  knowledge 
of  Carpentry.  Founded  on  the  late  Peter  Nicholson's  standard  work.  A  New 
Edition,  Revised  by  Arthitr  Ashpitel,  F.S.A.  Together  with  Practical  Rules 
on  Drawing,  by  George  Pyni.     With  74  Plates,  4to,  £1  u.  cloth. 

Handrailing  and  Stairbuilding. 

A    PRACTICAL   TREATISE    ON    HANDRAILING  :     Showing    New 
and  Simple  Methods  for  Finding  the  Pitch  of  the  Plank,   Drawing  the  Moulds, 
Bevelling,    Jointing-up,    and    Squaring    the   Wreath.      By    George  Collings. 
Second  Edition,  Revised  and  Enlarged,  to  which  is  added  A  Treatise  on  Stair- 
building.    With  Plates  and  Diagrams.    i2mo,  2s.  6d.  cloth  limp. 
*'  Will  be  foaod  of  practical  utility  in  the  execution  of  thi«  difficult  b<«nch  of  joinery.*' — Builder. 
"  Almost  every  difficult  phase  oi  this  somewhat  intricate  branch  of  joinery  is  elucidated  by  the  aid 
<of  plates  and  explanatory  letterpress." — Furniture  Gnzeite. 

Ciroular  Wor/<. 

Circular  work  in  Carpentry  and  joinery  :    A  Prac 

tical  Treatise  on  Circular  Work  of  Single  and  Double  Curvature.     By  George 

Collings.     With  Diagrams.    Second  Edition,  iimo,  2s.  6d.  cloth  limp. 

"  An  excellent  example  of  what  a  book  of  this  kind  should  be.    Cheap  in  price,  clear  in  definitios. 
and  practical  in  the  examples  wtXtcxtd** -^  Builder, 

Handrailing. 

Handrailing  Complete  in  Eight  Lessons.    On  the  Square- 

Cut  System.     By  J.  S.  Goldthorp,  Teacher  of  Geometry  and  Building  Constnic- 
tion  at  the  Halifax  Mechanic's  Institute.   With  Eight  Plates  and  over  150  Practical 
Exercises.    4 to,  3.r.  6d.  cloth. 
"  Likely  to  be  of  considerable  value  to  joiners  and  others  who  take  a  pride  in  good  work.   Ths 

'.arrangement  of  the  book  is  excellent.    We  heartily  commend  it  to  teachers  and  students.*'— r>M6ir 

Trades  Journal, 
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Timber  Merchant's  Companion. 

The  Timber  merchant's  and  Builder's  Companion.  Con- 
taining New  and  Copious  Tables  of  the  Reduced  Weight  and  Measurement  of 
IDeals  and  Battens,  of  all  sizes,  from  One  to  a  Thousand  Pieces,  and  the  relative 
IPrice  that  each  size  bears  per  Lineal  Foot  to  any  given  Price  per  Petersburgh  Stan- 
dard Hundred  ;  the  Price  per  Cube  Foot  of  Square  Timber  to  any  given  Price  per 
Load  of  50  Feet  ;  the  proportionate  Value  of  Deals  and  Battens  by  the  Standard,  to 
Square  Timber  by  the  Load  of  50  Feet ;  the  readiest  mode  of  ascertaining  the  Price 
of  Scantling  per  Lineal  Foot  of  any  size,  to  any  given  Figure  per  Cube  Foot,  &c.  &c. 
By  William  Dowsing.  Fourth  Edition,  Revised  and  Corrected.   Cr.  8vo,  ss.  cloth. 

**  Everything  is  as  concise  and  clear  as  it  can  possibly  be  made.  There  can  be  no  doubt  that  every 
tiiiil>«r  merchant  and  builder  ought  to  possess  it.*'—  NuU  Advertiser. 

*  *  We  are  glad  to  see  a  fourth  edition  of  these  admirable  tables,  which  for  correctness  and  simplicity  of 
a.rra.n<;ement  leave  nothing  to  be  desired." — Timber  Trades'  JottmaL 

Practical  Timber  Merchant 

THE  PRACTICAL  TIMBER  MERCHANT  :   Being  a  Guide  for  the  use 

of  Building  Contractors,  Surveyors,  Builders,  &c.,  comprising  useful  Tables  for  alF 

purposes  connected  with  the  Timber  Trade,  Marks  of  Wood,  Essay  on  the  Strength 

of  Timber,  Remarks  on  the  Growth  of  Timber,  &c.     By  W.  Richardson.    Fcap. 

8vo,  3J.  (>d.  cloth. 

"This  handy  manual  contains  much  valuable  information  for  the  use  of  timber  merchants,  builders, 
foresters,  and  all  others  connected  with  the  growth,  sale,  and  manufacture  of  limber.'* — yoHmalo/ Forestry  v 

Timber  Freight  Booli. 

The  Timber  merchants,  Saw  miller's,  and  importer's 

Freight  Book  and  Assistant.    Comprising  Rules,  Tables,  and  Memoranda 

relating  to  the  Timber  Trade.  By  William  Richardson,  Timber  Broker  ;  together 

with  a  Chapter    on  Speeds  of  Saw  Mill  Machinery  by  M.   Powis  Bale 

M.I.M.E.,  &c.     i2mo,  31.  6</.  cloth  boards 

"  A  very  useful  manual  of  rules,  tables,  and  memoranda  relating  to  the  timber  trade.  We  recom- 
mend it  as  a  compendium  of  calculation  to  all  timber  measurers  and  merchants,  and  as  supplying'a  rea> 
"want  in  the  trade." — Building  News. 

PadiingCaae  Maiters,  Tables  for. 

PACKING-CASE  Tables  ;   showing  the  number  of  Superficial  Feet 

in  Boxes  or  Packing-Cases,  from  six  inches  square  and  upwards.     By  W.  RiCHARiv 
SON,  Timber  Broker.     Third  Edition.     Oblong  4to,  3J.  6d.  cloth. 
••  Invaluable  labour-saving  tables."— />w«*r<7«^/r.  **  Will  save  much  labour  and  calculation."— (Jr^frr.- 

Superficial  Measurement 

The  TRADESMAN'S  GUIDE  TO  SUPERFICIAL  MEASUREMENT. 
Tables  calculated  from  i  to  200  inches  in  length,  by  I  to  108  inches  in  breadth. 
For  the  use  of  Architects,  Surveyors,  Engineers,  Timber  Merchants,  Builders,  &c. 
By  James  Hawkings.     Fourth  Edition.     Fcap.,  p.  6d.  cloth. 

'^A  useful  collection  of  tables  to  facilitate  rapid  calculation  of  surfaces*  The  exact  area  of  any 
surface  of  which  the  limits  have  been  ascertained  can  be  instantly  determined.  The  book  will  be  found 
of  the  greatest  utility  to  all  engaged  in  building  operations." — Scotsman. 

**  Thes«  tables  will  be  found  of  great  assistance  to  all  who  require  to  make  calculations  in  superficial 
measurement." — Snglish  Mechanic, 

Forestry. 

The   Elements  of  forestry.     Designed  to  afford  Informatioi> 

concerning  the  Planting  and  Care  of  Forest  Trees  for  Ornament  or  Profit,  with 
suggestions  upon  the  Creation  and  Care  of  Woodlands.  By  F.  B.  Hough.  Large- 
crown  8vo,  los.  cloth. 

Timber  importer's  Quids. 

THE  Timber  Importer's,  Timber  Merchant's,  and  Builder's 

Standard  Guide.      By  Richard  E.  Grandy.     Comprising: — An  Analysis  of 

Deal  Standards,    Home   and   Foreign,    with   Comparative  Values   and    Tabular 

Arrangements  for  fixing  Net   Landed  Cost  on  Baltic  and  North  American  Deals, 

including  all  intermediate  Expenses,  Freight,  Insurance,  &c.  &c.  ;  together  with 

copious  Information  for  the  Retailer  and  Builder.     Third  Edition,  Revised.     i2mo, 

2s.  cloth  limp. 

*'  Everytbinfl:  it  pretends  to  be :  built  up  gradualljr,  it  leads  one  from  a  forest  to  a  treenail,  and  throws 
in,  u  a  makeweight,  a  host  of  material  concerning  bricks,  columns,  cisterns,  &c." — Engiish  Mechanic. 
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DXCORATIVX  ARTS,  etc. 

Woods  and  Marbles,  Imitation  of. 

School  of  painting  for  the  imitation  of  Woods  and 

MARBLES,  as  Taught  and  Practised  by  A.  R.  Van  der  Burg  and  P  Van  der 
Burg  Directors  of  the  Rotterdam  Painting  Institution.  Royal  folio/iS*  by  12* 
in  Illustrated  with  24  fuU-si^e  Coloured  Plates ;  also  12  plain  Plates.  coiprisiS 
154  Figures.     Second  and  Cheaper  Edition.     Pricei:i  iix.  6dr.  ^^^ 

List  of  Plates. 

I.  Various    Tools    Required    for    Wood  liminary  Stages  or    Process  Attn  F-rK,«:»» 

Paint.ng.-2,  3.  Walnut  ;  Preliminary  Stages  Specimen.-iq.  Mah^saVv •  SplciMKvi^r  v!^? 

OK  Graining  AND  Finished  Specimen  -4. Tools  ous  Grains  a5d  Me?Sods'ok  MAm^^r™;^ 

Used  for  Marble  Painting  AND  Method  OF  20,    ai.     Mahogany;     Earlier     sT^vge?^^ 

Manipulation.  -  5.    6.    St.     Remi     Marble;  Finished  Specimen.^  2r2dSiENJi^fo«^.. 
Earlier  Operations  and  Finished  Specimen.   .    Varieties  of  G^AiriTplEAmsTKYsi^iTAHi 

—7.  Methods  of  Sketching  Different  Grains.  Finished  Specimen  —aTai  i?  Tim-.»I     5? 

Knots    &C.-8.  9,  Ash:   Preliminary  Stages  Methods  orPRo"ciN^' G^^^k^aT^^^ 

AND      FlMbHED      SPECIMEN.-IO.     METHODS     OF  KARY  STAGES  AND   FINISHED   SpiflMEV^« 

Sketching   Marble  Grains.-u.  12.   Breche  30.    Vert    df    Mer    Mabri.      v,.^?""^^^ 

Marble;    Preliminary  Stages    of  Working  &RAIh  and  Methods  ofXrking^^^^^^^^^ 

AND    Finished   Specimen.-i3.    Maple:     Me-  and  Finished   Specimens -31     ^^'oa^*^ 

thods  of  Producing  the  Differfnt  Grains.  Varieties  of  Grain    Tooi  q  i?  J»:  «?^"    "     " 

-14.    15.     Bird's-Eye    Maple;      Preliminary  Methods     of     M^MPulATmv      P»r^'^°   *'*'* 

Stages  AND  Finished  SPEciMEN.-if.  Methods    j    Stages  and  Fms^rD  Sp^'cmEv^^^^^ 

OF    Sketching    the    Different    Species    of  Waulsort    Mab«i  » ■      vl-;-        ^    ^*»  ^5'  ^ 

WH.TK  MAKBLE.-.7.  .8.  Wh.TE  MaRBLE  ;   PRE.     '     UkF.nJshJd  and  FlKisHED   SPEc"e2I    ^""' 

"Those  who  desire  to  attain  skill  in  the  art  of  paintinr  woods  and  in>rhl<^  w;ti  a^ji    j 
consulting  this  book..  Some  of  the  Working  MSsOute^oXgi^  "Seir^"^^^^^^ 

opportunity  to  study  it.*'— Bui/tifr.  »"wuiu  give  caeir  young  men  the 

"  A  comprehensive  guide  to  the  art.  The  explanations  of  the  processes,  the  maniouIadAn  .«^ 
ment  of  the  colours,  and  the  beau ufully  executSl  plates  will  not*be^lt«t  vSSbk  to  S^^^ 
aims  at  making  his  work  a  faithful  transcript  of  nature."— ^w^/m^  AW.      ^"*'***  *°  "»«  student  who 

Wall  Paper. 

WALL   PAPER   Decoration.      By  Arthur  Seymour  Tennings 

Author  of  "  Practical  Paper  Hanging. "    With  numerous  Illustrations.    Demy  8vo! 
House  Decoration.  Un preparation^ 

ELEMENTARY   DECORATION  :    A  Guide  to  the  Simpler  Forms  of 
Everyday  Art      Together  with  PRACTICAL  HOUSE  Decorat  S^^    Lja^  W 
Facey.     With  numerous  Illustrations.     In  One  Vol.,  5^.  strongly  half-bSund        ' 

House-Painting,  Graining,  etc. 

HOUSE-PAINTING,  GRAINING,   MARBLING,  AND  SIGN   Writinp 

A  Practical  Manual  of.    By  Ellis  A.  bAVinsoN.     Siith  E^iti^^  wS^^ffi 

Plates  and  Wood  Engravings.     i2mo,  6j.  cloth  boards.  v^oiourea 

•'  A  mass  of  information,  of  use  to  the  amateur  and  of  value  to  the  pracUcal  man."-^,^^/,VA  Mtckamc. 

Decorators,  Receipts  for. 

THE  DECORATOR'S  ASSISTANT  :  A  Modem  Guide  to  Decora- 
tive Artists  and  Amateurs,  Painters,  Writers,  Gilders  &c  rnntoi«s«J^  x-rctui* 
600  Receipts.  Rules  and  Instructions ;  with  a  varktrof  In^^^^^ 

?;?thVaT"f   ^'.'  '^'^  ^'^  ^^  Interior  rd^^S'^'Sfc^^^^^^^ 
Fifth  Edition,  Revised.     152  pp.,  crown  8vo,  is,  in  wrapper.    •      ^^^"'"O'lS.  &c., 

*•  Full  of  receipts  of  value  to  decorators,  painter».ffilders  *r     TK.  K~vU -^•-«       1. 
treatises  on  colourand  technical  processes.    It  would  Se  dScuh  »o  «!..     Hif^***°f  *«  «»«of  lai^fcr 
information  on  the  painter's  »n.*'^But/dimxJ^ews!  *"**  ^^  *  ^^^  *«  ^«"  of  vaned 

Moyr  Smith  on  Interior  Decoration. 

Ornamental  interiors,  ancient  and  modfrw     p«.  t  lurr^vi, 

Smith.     Super-royal  8vo,  with  Thirty-two  full  nZ^  vtz?     a         ^^  ^'  ^^^^ 
Illustmtions.  handsomely  bound  MhT^lt^^^^^  "'^  """'^^'^  ^°^^ 

man; S^l^^a^S "^^^^^^^^^  'contain.  «>«e  true  critic««n  ^  a  good 
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British  and  Foreign  Marbles, 

Marble    Decoration  and  the  Terminology  of  British  and  Foreign 

Marbles.     A  Handbook  for  Students,    By  George  H.   Blagrove,  Author  of 

*•  Shoring  and  its  Application,"  &c.    With  28  Illustrations.     Cr.  8vo,  35.  6d.  cloth. 

"This  most  useful  and  much  wanted  handbook  should  be  in  the  hands  of  every  architect  and 
builder."— BkiWiw;?'  World. 

*'  A  carefally  and  usefully  written  treatise ;  the  work  is  essentially  practical."— %Sco/5ma». 

Marble  Working,  etc. 

MARBLE  AND   MARBLE  WORKERS:  A  Handbook  for  Architects, 
Artists,  Masons,  and  Students.    By  Arthur  Lee,  Author  of  **A  Visit  to  Carrara," 
••  The  Working  of  Marble/'  &c.  Small  crown  Svo,  2J.  cloth. 
*'  A  really  valuable  addition  to  the  technical  literature  of  architects  and  masons.'*— BwtV^ tug- ^rt9S, 


DELAM OTTERS  WORKS  ON  ILLUMINATION  AND  ALPHABETS. 


A  Primer  of  the  art  of  Illumination,  for  the  Use  of  Beginners; 

with  a  Rudimentary  Treatise   on   the    Art,    Practical   Directions  for  its  Exercise, 

and  Examples  taken  from  Illuminated  MSS.,  printed  in  Gold  and  Colours. '  By 

F.  Delamotte.     New  and  Cheaper  Edition.     Small  4to,  dr.  ornamental  boards. 

*'  The  examples  of  ancient  MSS.  recommended  to  the  student,  which,  with  much  good  sense,  the 
author  chooses  from  collections  accessible  to  all,  are  selected  with  judgment  and  knowledge,  as  well  as 
taste.  **-—A  tketutum. 

ORNAMENTAL  ALPHABETS,  Ancient  and  Mediaeval,  from  the  Eighth 

Century,  with  Numerals  ;  including  Gothic,  Church-Text,  large  and  small,  German, 

Italian,  Arabesque,  Initials  for  Illumination,  Monograms,  Crosses,  &c.  &c.y  for  the 

use   of  Architectural  and   Engineering  Draughtsmen,    Missal    Painters,    Masons, 

Decorative  Painters.  Lithographers,  Engravers,  Carvers,  &c.  &c.      Collected  and 

Engraved  by  F.  Delamotte,  and  printed  in  Colours.    New  and  Cheaper  Edition. 

Royal  8vo,  oblong,  2s.  6d.  ornamental  boards. 

**  For  those  who  insert  enamelled  sentences  round  gilded  chalices,  who  blazon  shop  legends  over  shop- 
doors,  who  letter  church  walls  with  pidiy  sentences  from  the  Decalogue,  tnis  booK  will  be  useful."-^ 
Athefueitm, 

EXAMPLES  OF  MODERN  ALPHABETS,  Plain  and  Ornamental, 
including  German,  Old  English,  Saxon,  Italic,  Perspective,  Greek,  Hebrew,  Court 
Hand,  Engrossing,  Tuscan,  Riband,  Gothic,  Rustic,  and  Arabesque ;  with  several 
Original  Designs,  and  an  Analysis  of  the  Roman  and  Old  English  Alphabets,  large 
and  small,  and  Numerals,  for  the  use  of  Draughtsmen,  Surveyors,  Masons,  Decora- 
tive Painters,  Lithographers,  Engravers,  Carvers,  &c.  Collected  and  Engraved  by 
F.  Delamotte,  and  printed  in  Colours.  New  and  Cheaper  Edition.  Royal  8vo, 
oblong,  2s.  6t/.  ornamental  boards. 

*'  There  is  comprised  in  it  every  possible  shape  into  which  the  letters  of  the  alphabet  and  numerals  can 
be  formed,  and  the  talent  which  has  been  expended  in  the  conception  of  the  various  plain  and  ornamental 
letters  is  wonderful." — Standard. 

MEDI>eVAL     ALPHABETS     AND      INITIALS      FOR      ILLUMINATORS. 

By  F.  G.  Delamotte.     Containing  21  Plates  and  Illuminated  Title,  printed  in 

Gold  and  Colours.     With  an  Introduction  by  J.  Willis  Brooks.     Fourth  and 

Cheaper  Edition.     Small  4to,  4J.  ornamental  boards. 

*'  A  volume  in  which  the  letters  of  the  alphabet  come  forth  glorified  in  gilding  and  all  the  colours  of 
the  prism  interwoven  and  intertwined  and  intermingled." — Sun. 

THE  EMBROIDERER'S  BOOK  OF  DESIGN.  Containing  Initials, 
Emblems,  Cyphers,  Monograms,  Ornamental  Borders,  Ecclesiastical  Devices, 
Mediaeval  and  Modem  Alphabets,  and  National  Emblems.  Collected  by  F.  Dela- 
motte, and  printed  in  Colours.     Oblong  royal  8vo,  is.  6d.  ornamental  wrapper. 

"The  book  will  be  of  great  assistance  to  ladies  and  young  children  who  are  endowed  with  the  art  of 
plying  the  needle  in  this  most  ornamental  and  useful  pretty  work." — Easi  Anglian  Times. 

Wood  Carving. 

INSTRUCTIONS  IN  WOOD-CARVING  FOR  AMATEURS;  with  Hints 
on  Design.  By  A  Lady.  With  Ten  Plates.  New  and  Cheaper  Edition.  Crown 
8vo,  2s.  in  emblematic  wrapper. 

"The  handicraft  of  the  wood-carver,  so  well  as  a  book  can  impart  it,  may  be  learnt  from  'A  Lady's 

pablication.*' — A  thentrum. 
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NATURAL  SCIENCE,  etc. 

The  Heavens  and  their  Origin, 

The  Visible  Universe  :  Chapters  on  the  Origin  and  Construc- 
tion of  the  Heavens.  By  J.  E.  Gore,  F.R.A.S.,  Author  of  "Star  Groups,"  &c^ 
Illustrated  by  6  Stellar  Photographs  and  I2  Plates.      Demy  8vo,  169.  doth. 

**  A  valuable  and  lucid  summary  of  recent  astronomical  theory,  rendered  more  valuable  and  attractive- 
by  a  series  of  stellar  photographs  and  other  illustrations.'* — The  Timeu 

"In  presenting  a  clear  and  concise  account  of  the  present  state  of  our  knowledge,  Mr.  Gore  faa» 
made  a  vaJuaWe  addition  to  the  literature  of  the  subjecL" — .Nature. 

"  Mr.  Gore's  '  Visible  Universe '  is  one  of  the  finest  works  on  9Stron<HnicaI  science  that  has  recently 
appeared  in  our  language.  In  spirit  and  in  method  it  is  scientific  from  cover  to  cover,  but  the  style  is  so> 
clear  and  attractive  that  it  will  be  as  acceptable  and  as  readable  to  those  who  make  no  scientific  paten- 
sioDS  a<  to  those  who  devote  themselves  s(  ecially  to  matters  astronomical." — Leeds  Afercurr. 

**  As  interesting  as  a  novel,  and  instructive  withal :  the  text  being  made  still  more  luminous  by- 
stellar  photographs  and  other  illustrations.  .  .  .  A  most  valuable  book.*' — AIoHcketier  Ejcmmimer^ 


The  Constellations. 

Star   Groups  :   A  student's  Guide  to  the  Constellations.     By  J. 

Ellard  Gore,  F.R.A.S.,  M.R.I.A.,  &c.,  Author  of  "The  Visible  Universe," 
'*The  Scenery  of  the  Heavens."     With  30  Maps.     Small  4to,  5^.  cloth,  silvered. 

"  A  knowledge  of  the  principal  constellations  visible  in  our  latitudes  may  be  easily  acquired  fro8» 
the  thirty  maps  and  accompanying  text  contuned  in  this  work."— Aa/Mr«r. 

"The  volume  contains  thirty  maps  showing  stars  of  the  sixth  magnitude — the  usual  naked-eye  limit 
—and  each  is  accompanied  by  a  brief  commentaryp  adaoted  to  faciliute  recognition  and  bring  to  llocice^ 
objects  of  special  interest.  For  the  purpose  of  a  preliminary  survey  of  the  '  midnight  pomp '  of  Ae 
heavens,  nothing  could  be  better  than  a  set  of  delineations  averaging  scarcely  twenty  square  inches  u» 
area,  and  including  nothing  that  cannot  at  once  be  identified."— ^a/ifr<£a;x  Review. 

'*  A  very  compact  and  handy  guide  to  the  constellations."— ^/Armraw. 

Astronomical  Terms, 

AN  ASTRONOMICAL  GLOSSARY  ;  or,  Dictionary  of  Terms  used  in 
Astronomy.  With  Tables  of  Data  and  Li&ts  of  Remarkable  and  Interesting 
Celestial  Objects.  By  J.  Ellard  Gore,  F.R.A.S.,  Author  of  "The  Visible- 
Universe,"  &c.     Small  crown  8vo,  2s.  6d.  cloth. 

"  A  very  useful  little  work  for  beginners  in  astronomy,  and  not  to  be  despised  by  more  advanced 
students." — TAe  TitMes. 

"A  very  handy  book  .  .  .  the  utility  of  which  is  much  increased  by  its  valuable  tables  of  astit^ 
nomical  data." —  The  AtkeMteum. 

'*  Astronomers  of  all  kinds  will  be  glad  to  have  it  for  reference."— (7M«r</MM. 

The  Microscope. 

The   Microscope  :  its  Construction  and  Management    Including 

Technique,  Photo-micrography,  and  the  Past  and  Future  of  the  Microscope.    By 

Dr.  Henri  van  Heurck,  Director  of  the  Antwerp  Botannical  Gardens.     English 

Edition,  Re-Edited  and  Augmented  by  the  Author  frcm  the  Fourth  French  Edition, 

and  Translated  by  Wynne  E.  Baxter,  F.R.M.S.,  F.G.S.,  &c.    About  400  pages, 

with  Three  Plates  and  upwards  of  250  Woodcuts,  imp.  8vo,  i8j.,  cloth  gilt. 

"This  is  a  translation  of  a  well-known  work,  at  once  popular  and  comprehensive,  on  the  structure^ 
mechanism,  and  use  of  the  microscope." — Times. 

"  The  translation  is  as  felicitous  as  it  is  accurate."— iVtf/Mr«. 

Astronomy. 

ASTRONOMY.    By  the  late  Rev.  Robert  Main,  M.A.,  F.R.S.     Third 

Edition,  Revised  by  WILLIAM  Thynne  Lvnn,  B.A.,  F. R.  A. S.,  formerly  of  the 
Royal  Observatory,  Greenwich.     i2mo,  2s,  cloth  limp. 

"A  sound  and  simple  treatise,  very  carefully  edited,  and  a  caplul  book  for  beginners.*'— AVr4?sii/««^. 
'*  Accurately  brougnt  down  to  the  requirements  of  the  present  time  by  Mr.Lynn.'  — £dMcati»itni  Times. 

Recent  and  Fossil  Shells, 

A  MANUAL  OF  THE  MOLLUSCA  :  Being  a  Treatise  on  Recent  and 

Fossil  Shells.  By  S.  P.  Woodward,  A.L.S.,  F.G.S.,  late  Assistant  Palaeontologist 
in  the  British  Museum.  With  an  Appendix  on  Recent  and  Fossil  Conchologi- 
CAL  Discoveries  by  Ralph  Tate,  A.I.*S.,  F.G.S.  Illustrated  by  A.  N.  W^ater- 
HOUSE  and  Joseph  Wilson  Lowrv.  With  23  Plates  and  upwards  of  300 
Woodcuts.  Reprint  of  Fourth  Edition  (1880).  Crown  8vo,  js.  6d.  cloth. 
'  A  most  valuable  storehouse  of  conchological  and  geological  information." — Science  Gassi/, 

Qeology  and  Genesis. 

THE  Twin   records  of  Creation  ;  or  Geology  and  Genesis, 

their  Perfect  Harmony  and  Wonderful  Concord.  By  G.  W.  V.  le  Vaux.  8vo,  5J.  cl. 

"A  valuable  contribution  to  the  evidences  of  Revelation,  and  disposes  very  conclusively  of  the  argu* 
ments  of  those  who  would  set  God's  Works  against  God*s  Word.  Ko  real  (ufficulty  is  shirked,  andw 
sopbisry  is  left  unexposed."— 7  >li^  Rfck. 
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DR.  LARDNER'S  COURSE  OF  NATURAL  PHILOSOPHY. 

THE   Handbook  of  mechanics.     Enlarged  and  almost  re-written 
by  Benjamin  Loewy,  F.R.A.S.     With  378  Illustrations.     Post  8vo,  6s.  cloth. 

"  The  perspicuity  of  the  original  has  been  retained,  and  chapters  which  had  become  obsolete  have 
been  replaced  by  others  of  more  modern  character,  llie  explanations  throughout  are  studiously  i^pular, 
and  care  has  been  taken  to  show  the  application  of  the  various  branches  of  physics  to  the  industnal  arts» 
and  to  the  practical  business  of  life.'* — Mining  yournal. 

'*  Mr.  Loewy  has  carefully  revised  the  book,  and  brought  it  up  to  modern  requirements." — Nature. 

**  Natural  pnilosophy  has  had  few  exponents  more  able  or  better  skilled  in  the  art  of  popularising  the 
subject  than  Dr.  Lardner  :  and  Mr.  Loewy  is  doing  good  service  in  fitting  this  treatise,  and  the  others 
of  the  series,  for  use  at  the  present  time." — Scotsman, 

THE  Handbook  of   Hydrostatics  and  pneumatics.     New 

Edition,  Revised   and  Enlarged  by  Benjamin   Loewy,   F.R.A.S.      With  236 
Illustrations.    Post  Svo,  5^.  cloth. 


« 


For  those  '  who  desire  to  attain  an  accurate  knowledge  of  physical  science  without  the  profound 
methods  of  mathematical  investigation,'  this  work  is  not  merely  intend^,  but  well  adapted." — Chemical 
News. 

"The  volume  before  us  has  been  carefully  edited,  augmented  to  nearly  twice  the  bulk  of  the  former 
edition,  and  all  the  most  recent  matter  has  been  added.    .     .    .     It  is  a  valuable  text-book." — Nature. 

**  Candidates  for  pass  examinations  will  find  it,  we  think,  specially  suited  to  their  requirements."— 
English  Mechanic, 

The    Handbook   of    heat.     Edited  and  almost  entirely  re- written 
by  Benjamin  Loewy,  F.  R.  A.  S. ,  &c.     117  Illustrations.     Post  8vo,  dr.  cloth. 

"The  style  is  always  clear  and  precise,  and  conveys  instruction  without  leaving  any  cloudiness  or 
lurking  doubts  behind." — Engineering. 

**  A  most  exhaustive  book  on  the  subject  on  which  it  treats,  and  is  so  arranged  that  it  can  be  under- 
stood by  all  who  desire  to  attain  an  accurate  knowledge  of  physical  science.  .  .  .  Mr.  Loewy  has 
included  all  the  latest  discoveries  in  the  varied  laws  and  effects  of  h.e9t.**—Standard. 

"  A  complete  and  handy  text-book  for  the  use  of  students  and  general  readers."— ^ii^'^M  Mechanic. 

The  Handbook  of  Optics.     By  Dionysius  Lardner,  d.c.l., 

formerly  Professor  of  Natural  Philosophy  and  Astronomy  in  University  College, 
London.  New  Edition.  Edited  by  T.  Olver  Harding,  B.  A.  Lond.,  of  University 
College,  London.     With  298  illustrations.     Small  Svo,  448  pages,  5/.  cloth. 

"Written  by  one  of  the  ablest  English  scientific  writers,  beautifully  and  elaborately  illustrated." 
— Mechanic's  Atagazine, 

THE  Handbook  of  Electricity,  magnetism,  and  acoustics. 

By  Dr.  Lardner.  Ninth  Thousand.  Edited  by  Geo.  Carey  Foster,  B.A., 
F.C.S.     With  400  Illustrations.     Small  Svo,  55.  cloth. 


<«< 


'The  book  could  not  have  been  entrusted  to  anyone  better  calculatiid  to  preserve  the  terse  and 
lucid  style  of  Lardner,  while  correcting  his  errors  and  bringing  up  his  work  to  the  present  state  of 
scientific  \uao^\eAg!t,"— Popular  Science  Review. 

THE  Handbook  of  astronomy.  Forming  a  Co-Tipanion  to  the 
"Handbook  of  Natural  Philosophy."  By  Dionysius  Lardner,  D.C.L., 
formerly  Professor  of  Natural  Philosophy  and  Astronomy  in  University  College, 
London.  Fourth  Edition.  Revised  and  Edited  by  Edwin  Dunkin,  F.R.A.S., 
Royal  Observatory,  Greenwich.  With  38  Plates  and  upwaida  of  100  Woodcuts. 
In  One  VoL,  small  Svo,  550  pages,  9J.  6d.  cloth. 

"Probably  no  other  book  contains  the  same  amoant  of  information  in  so^  compendious  and  well- 
arranged  a  form — certainly  none  at  the  price  at  which  this  is  offered  to  the  public." — Athetumm. 

**  We  can  do  no  other  tlian  pronounce  this  work  a  most  valuable  manual  of  .astronomyj  and  we 
strongly  recommend  it  to  all  who  wish  to  acquire  a  general — but  at  the  same  time  correct— acquaintance 
with  this  sublime  scX^noc.*'— Quarterly  Journal 0/ Science. 

*'  One  of  the  most  deservedly  popular  books  on  the  subject  .  .  .  We  would  recommend  not  only 
the  student  of  the  elementary  pnnciples  of  the  science,  but  him  who  aim«  at  mastering  the  higher  and 
mathematical  branches  of  astronomy,  not  to  be  without  this  work  beside  hAm,**'—Frmctical  Magasine, 

Qeology. 

Rudimentary    Treatise    on    Geology,    Physical    and 

Historical.    Consisting  of  "  Physical  Geology,"  which  sets  forth  the  Leading 

Principles  of  the  Science ;  and  *'  H  istorical  Geology,''  which  treau  of  the  Mineral 

and  Organic  Conditions  of  the  Earth  at  each  successive  epoch,  especial  reference 

being  made  to  the  British  Series  of  Rocks.     By  Ralph  Tat£,  A.L.S.,  F.G.S., 

&c.  &c.     With  250  Illustrations.    i2mo,  5x.  cloth  boards. 

**  The  fulness  of  the  matter  has  elevated  the  book  into  a  manuaL  Its  inforoutioB  is  axha  isittTe  aad 
well  9xniag<tA.** -School  Boat d  Chronicle. 
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DR.  LARDNER'S  MUSEUM  OF  SCIENCE  AND  ART. 

THE    Museum    of    Science  and    art.     Edited  by  Dionyshjs 

Lardnek,  D.C.L.,  formerly  Professor  of  Natural  Philosophy  and  Astronomy  in 
University  College,  London.  With  upwards  of  1,200  Engravings  on  Wood.  In  6 
double  volumes,  £l  i/.,  in  a  new  and  elegant  cloth  binding;  or  handsomely 
bound  in  half  morocco,  31/.  6t/. 

*,•  Opinions  of  the  Press. 

"This  series,  besides  aflTording  popular  but  sound  instruction  oa  scientific  subjects,  with  which  the 
humblest  man  in  the  coiuitry  ouKht  to  be  acquainted,  aUo  undertakes  that  teachini^of*  Common  ThiDes* 
which  every  well  wither  of  his  kind  is*  anxious  10  promote.  Many  thousand  copies  of  this  servioeaiok 
publication  have  been  printed,  in  the  belief  and  hope  that  the  desire  for  instruction  and  improvemcot 
'widely  prevails  ;  and  we  ha\e  no  Icar  that  such  enlightened  fiuth  wil  meet  with  disappointmeni. " — 
The  Times, 

^  "  A  cheap  and  interesting  publication,  alike  informing  and  attractive.  The  papers  combine  subjects 
ot  importance  and  great  scientific  kuow' ledge,  consideiable  inductive  powers,  and  a  popular  style  of 
treatment." — Sfei  tator. 

"The  *  Museum  of  Science  and  Art '  is  the  most  valuable  contribution  that  has  ever  been  made  to 
the  scientific  insuuction  of  every  class  of  society." — Sir  David  BRaw&TBR,  in  the  North  Briiisk 
Rtvitw. 

'*  Whether  we  consider  the  liberality  and  beauty  of  the  illostrations,  the  charm  of  the  writing,  or 
the  durable  interest  of  the  matter,  we  must  express  our  belief  that  there  is  hardly  to  be  found  among  the 
new  books  one  that  would  be  welcomed  by  people  of  so  many  ages  and  classes  as  a  valuable  preseac.**" 
Exatniner, 

*•*  Separatt  books  formed  from  (ht  above^  suitable  for  Workmen  s  Libraries  ^ 

Science  Classes^  &*c. 

Common  Things  Explained.  Containing  Air,  Earth,  Fire,  Water,  Time,  Man, 
the  Eye,  Locomotion,  Colour,  Clocks  and  Watches,  &c  233  Illustrations,  cloth 
gilt,  SJ. 

The  Microscope.  Containing  Optical  Images,  Magnifying  Glasses,  Origin  and 
Description  of  the  Microscope,  Microscopic  Objects,  the  Solar  Microscope,  MicrO' 
scopic  Drawing  and  Engraving,  &c.     147  Illustrations,  doth  gilt,  2x. 

Popular  Qeology.  Containing  Earthquakes  and  Volcanoes,  the  Crust  of  the 
Earth,  &c.     201  Illustrations,  cloth  gilt,*2J.  6ti, 

(Popular  Physics.  Containing  Magnitude  and  Minuteness,  the  Atmosphere, 
Meteoric  .Stones,  Popular  Fallacies,  Weather  Prognostics,  the  Thermometer,  the 
Barometer,  Sound,  &c.     85  Illustrations,  cloth  gilt,  2s,  6J. 

•Steam  and  its  Uses.  Including  the  Steam  Engine,  the  Locomotive,  and  Steam 
Navigation.     89  Illustrations,  cloth  gilt,  2s, 

Popular  Astronomy.  Containing  I  low  to  observe  the  Heavens.  The  Earth,  Sun, 
Moon,  Planets.  Light,  Comets,  Eclipses,  Astronomical  Influences,  &c.  182  Illos- 
tmtions,  cloth  gilt,  4^.  6d, 

The  Bee  and  White  Ants :  Their  Manners  and  Habits.  With  Illustrations  of 
Animal  Instinct  and  Intelligence.     135  Illustrations,  cloth  gilt,  2s. 

The  Electric  Telegraph  Popularized.  To  render  intelligible  to  all  who  can 
Read,  irrespective  of  any  previous  Scientific  Acquirements,  the  various  forms  of 
Telegraphy  in  Actual  Operation.     100  Illustrations,  cloth  gilt,  Ij.  6(/. 


Dr.  Lardner'8  School  Handbooks. 

Natural  philosophy  for  Schools.    By  Dr.  Lardner.   328 

Illustrations.     Sixth  Edition,     One  Vol.,  31.  6^.  cloth. 

"A  very  convenient  class-book  for  junior  students  in  private  schools.  It  is  intended  to  convey,  in 
cleir  and  precise  terms,  general  notions  of  all  the  principal  divisions  of  Physical  Science.*' — Britisk 
Quarterly  Review. 

ANIMAL  PHYSIOLOGY  FOR  SCHOOLS.     By  Dr.  Lardner.     With 

190  Illustrations.     Second  Edition.  .  One  Vol.,  3J.  6^.  cloth. 
**  Clearly  written,  well  arranged,  and  excellently  illustrated. "-H7Ar</r»^rx  ChronicU. 

Lardner  and  Bright  on  the  Electric  Telegraph, 

THE   Electric   telegraph.     By   Dr.  Lardner.    Revised  and 

Re-written  by  E.  B.  Bright,  F.R.A.S.   140  Illustrations.  Small  8vo,  2s.  6d.  cloth. 
"  One  of  the  most  readable  books  exUnt  on  the  ElectricTelegrapb."— i^M^/u^  MeckoMic 
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CHEMICAL  MANUFACTURES,  CHEMISTRY,  etc. 

Chemistry  for  Engineers,  etc. 

Engineering  Chemistry  :   a  Practical  Treatise  for  the  Use  of 

'Analytical  Chemists,  Engineers,  Iron  Masters,  Iron  Founders,  Students  and  others. 

Comprising  Methods  of  Analysis  and  Valuation  of  the  Principal  Materials  used  in 

Engineering  Work,  with  numerous  Analyses,  Examples  and  Suggestions.     By  H. 

Joshua  Phillips,  F.I.C.,  F.C.S.,  Formerly  Analytical  and  Consulting  Chemist 

to  the  Great  Eastern  Railway.     Second  Edition,  Revised  and  Enlarged.     Crown 

8vo,  400  pp.,  with  Illustrations,  lor.  6rf.  cloth.  [Just  published, 

"  In  this  work  the  author  has  rendered  no  small  service  to  a  numerous  body  of  practical  men.    .    . 

X*lie  analytical  methods  may  be  pronounced  most  satisfactory,  being  as  accurate  as  the  de^>atch  required 

•of  ensinecrinK  chemists  permits."— C/<rM/Va/  AVxvj. 

"Those  in  search  of  a  handy  treatise  on  the  subject  of  analytical  chemistry  as  applied  to  the 
«very-day  requirements  of  workshop  practice  will  fina  this  volume  of  preat  assistance."— /ron. 

**  The  first  attempt  to  bring  forward  a  Chemistry  specially  written  for  the  use  of  engineers,  and 
^ve  have  no  hesitation  whatever  in  saying  that  it  should  at  once  be  in  the  possession  of  every  railway 
.engineer."— TAe  Railway  Engineer. 

"  The  book  will  be  very  useful  to  those  who  require  a  handy  and  concise  resumS  of  approved 
methods  of  analysing  and  valuing  metals,  oils,  fuels,  &c.  It  is,  in  fact,  a  work  for  chemists,  a  guide 
to  the  routine  of  the  engineering  laboratory.  .  .  .  The  book  is  full  of  good  things.  As  a  handbook  of 
technical  analysis,  it  is  very  welcome." — Builder. 

*' Considering  the  extensive  ground  which  such  a  subject  as  Engineering  Chemistrv  covers,  the 
<work  is  complete,  and  recommends  Itself  to  both  tlie  practising  analyst  and  the  analytical  student."— 
Chemical  Trade  Journal. 

"  The  analytical  methods  given  are.  as  a  whole,  such  as  are  likely  to  give  rapid  and  trusyvorthy 
results  in  experienced  hands.  .    .  .  There  is  much  excellent  descriptive  matter  in  the  work,  the 
chapter  on  '  Oils  and  Lubrication '  being  specially  noticeable  in  this  rested,"— Engineer, 

The  Ailtali  Trade,  Manufacture  of  Suipfjurio  Acid,  &c. 

A  Manual  of  the  alkali  Trade,  including  the  Manufacture 
of  Sulphuric  Acid,  Sulphate  of  Soda,  and  Bleaching  Powder.  By  John  Lomas, 
Alkali  Manufacturer,  Newcastle-upon-Tyne  and  London.  With  232  Illustrations 
and  Working  Drawings,  and  containing  390  pages  of  Text.  Second  Edition, 
with  Additions.     Super-royal  8vo,  £1  lar.  cloth. 

'*  This  book  is  written  by  a  manufacturer  for  manufacturers.  The  working  details  of  the  most  ap* 
proved  forms  of  apparatus  are  given,  and  these  are  accompanied  by  no  less  than  232  wood  engravings,  all 
of  which  may  be  used  for  the  purposes  of  construction.  Every  step  in  the  manufacture  is  very  fully 
<lescribed  in  this  manual,  and  each  improvement  explained." — Atktnteum. 

^ "  We  find  not  merely  a  sound  and  luminous  explanation  of  the  chemical  prinaples  of  the  trade,  but  a 
notice  ofnumerous  matters  which  have  a  most  important  bearineonthe  successful  conduct  of  alkali  works, 
but  which  are  generally  overlooked  by  even  experienced  technological  authors." — Chemical  Review. 

The  Blowpipe. 

The  Blowpipe  in  Chemistry,  mineralogy,  and  Geology. 

Containing  all  known  Methods  of  Anhydrous  Analysis,  many  Working  Examples, 
and  Instructions  for  Making  Apparatus.  By  Lieut. -Colonel  W.  A.  Ross,  R.A., 
F.G.S.  With  120  Illustrations.  Second  Edition,  Revised  and  Enlarged.  Crown 
8vo,  5^.  cloth. 

"  The  student  who  goes  conscientiously  through  the  course  of  experimentation  here  laid  down  will 
Cain  a  better  insight  into  inorganic  chemistry  and  mineralogy  than  if  he  had  *  got  up '  any  of  the  be»t 
text-books  of  the  day,  and  passed  any  number  of  examinations  in  their  contents." — Chemical  News. 

Commerciai  Chemicai  Analysis. 

The  Commercial  handbook  of  Chemical  analysis  ;  or. 

Practical  Instructions  for  the  determination  of  the  Intrinsic  or  Commercial  Value 
of  Substances  used  in  Manufactures,  in  Trades,  and  in  the  Arts.  By  A.  Normandy, 
Editor  of  Rose's  "Treatise  on  Chemical  Analysis."  New  Edition,  to  a  great 
extent  re-written  by  Henry  M.  Noad,  Ph.D.,  F.R.S.  With  numerous  Illus- 
trations. Crown  ovo,  12s,  6d.  cloth. 
'*  We  strongly  recommend  this  book  to  our  readers  as  a  guide,  alike  indispensable  to  the  housewife 

«s  to  the  pharmaceutical  practitioner." — Medical  Times. 

**  Essential  to  the  analysts  appointed  under  the  new  Act.    The  most  recent  results  are  given,  and  the 

work  is  well  edited  and  carefully  written." — Nature. 

Dye- Wares  and  Colours. 

The  Manual  of  Colours  and   Dye-Wares  :  Their  Pro- 
perties, Applications,  Valuations,  Impurities,  and  Sophistications.    For  the  use  of 
Dyers,   Printers,  Drysaltcrs,  Brokers,  &c.     By  J.  W.  Slater.     Second  Edition, 
Revised  and  greatly  Enlarged,  crown  8vo,  Js.  6d,  cloth. 
"  A  complete  encyclopedia  of  the  materia  tinctoria.    The  information  given  respecting  each  article 
IS  full  and  precise,  and  the  methods  of  determining  the  value  of  articles  such  as  these,  so  liable  to  sophis- 
tication, are  given  with  clearness,  and  are  practical  as  well  as  valuable." — Chemist  and  Druggist,^ 

*' There  is  no  other  work  which  covers  precisely  the  same  ground.     To  students   preparing  for 
examinations  ic  dyeing  and  printing  it  will  prove  exceedingly  usefw."— CA#mfV«/  Newt, 
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Modem  Brewing  and  Halting. 

A  HANDYBOOK  FOR  BREWERS  :  Being  a  Practical  Guide  to  lh« 
Art  of  Brewing  and  Malting.  Embracing  the  Conclusions  of  Modem  Research 
which  bear  upon  the  Practice  of  Brewing.  By  Herbb&t  Edwards  Wright. 
M.A.,  Author  of  **A  Handbook  for  Young  Brewers."  Crown  8yo,  53a  pp,. 
12s,  6d.  cloth. 

*'  May  be  consulted  with  advantage  by  the  student  who  is  preparing  himself  for  cxamlnatloiui) 
tests,  while  the  scientific  brewer  wiil  find  in  it  a  risumi  of  all  the  most  important  discoveries  dt 
modem  times.  The  work  is  written  throughoat  in  a  clear  and  concise  manner,  and  the  author  iake» 
great  c^re  to  discriminate  between  vague  theories  and  well-established  facts." — Bremen*  JomrmaL 

'*  We  have  great  pleasure  in  recommending  this  handybook,  and  have  no  hesitation  in  saying  dnt. 
it  is  one  of  the  best— if  not  the  best— which  has  yet  been  written  on  the  subject  of  beer-brewins  la  thi»- 
countrv,  it  should  have  a  place  on  the  shelves  of  every  brewer's  library."— ^nr«nrr^«  Gautrtlimm. 

"Although  the  reouireinents  of  the  student  are  primarily  considered,  an  acquaintance  of  half«B- 
hour*s  duration  cannot  fail  to  impress  the  practical  brewer  with  the  sense  of  having  found  a  truss  worthy 
guide  and  practical  counsellor  in  brewery  matters.*'— CAtmam/  Trmdt  JaunuU, 

Analysis  and  Valuation  of  Fuels, 

FUELS:    SOLID,    LIQUID,    AND   GASEOUS:    Their   Analysis    and 

Valuation.     For  the  Use  of  Chemists  and  Engineers.     By  H.  J.  Phillips,  F.C.S., 

Formerly  Analytical  and  Consplting  Chemist  to  the   Great    Eastern  Railway. 

Second  Edition,  Revised  and  Enlarged.     Crown  8vo,  5^.  cloth. 

"  Ought  to  have  its  place  in  the  laboratory  of  every  metallurgical  establishment,  and  wherever 
fuel  is  used  on  a  large  scale,"— Chemual  News. 

"  Cannot  fail  to  be  of  wide  interest,  especially  at  the  present  time.**— J?ai7vajr  Kews. 

Pigments. 

The  ARTISTS'  MANUAL  OF  PIGMENTS.  Showing  their  Com- 
position, Conditions  of  Permanency,  Non- Permanency,  and  Adulteratiomt ;  Effects 
in  Combination  with  Each  Other  and  with  Vehicles  ;  and  the  most  Reliable  Tests 
of  Purity.  Together  with  the  Science  and  Arts  Department's  Examination  Ques- 
tions on  Painting.   By  H.  C.  Standagb.  Second  Edition,  crown  8vo,  2s.  6d^.  cloth. 

"  This  work  is  indeed  muitum-im-^rvc,  and  we  can,  with  good  conscience,  recommend  it  to  all  «ha 
come  in  contact  with  pigments,  whether  as  makers,  dealers,  or  Mm.'*—CJUmicm/  Review, 

Gauging.    Tables  and  Rules  for  Revenue  Officers,  Brewers,  Ac. 

A  POCKET  BOOK  OF  MENSURATION  AND  GAUGING  :  Containing 

Tables,  Rules,  and  Memoranda  for  Revenue  Officers,  Brewers,  Spirit  Merchants,  &c. 

By  J.  B.  Mant  (Inland  Revenue).     Second  Edition,  Revised.     i8mo,  41.  leather. 

*'  This  handy  and  useful  book  is  adapted  to  the  requirements  of  the  Inland  Revenue  Depurtmeot. 
and  will  bs  a  favourite  book  of  reference.  The  range  of  subjects  is  comprehensive,  and  the  arrangement 
simple  and  dear."— C/vi/ia«.    **  Should  be  in  the  hands  of  every  practical  brewer." — Brewers*  yemrmtU' 
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Cotton  Spinning. 

Cotton  manufacture  :  A  Practical  Manual     Embracing  the 

various  operations  of  Cotton  Manufacture,  Dyeing,  &c.  For  the  Use  of  Opera- 
tives, Overlookers  and  Manufacturers.  By  John  Lister,  Technical  Instructor, 
Pendleton.  With  numerous  Illustrations.  Demy  8vo,  7j.  td.  cloth.    [Just  fuMuked. 

Flour  Manufacture,  Milling,  etc. 

FLOUR  Manufacture  :  A  Treatise  on  Milling  Science  and  Prac- 
tice. By  Friedrich  Kick,  Imperial  Regierungsrath,  Professor  of  Mechanicil 
Technolo^  in  the  Imperial  German  Polytechnic  Institute,  Prague.  Translated 
from  the  Second  Enlarged  and  Revised  Edition  with  Supplement.  By  H.  H.  P. 
PowLES.  Assoc  Memb.  Institution  of  Civil  Engineers.  Nearly  400  pp.  Illustrated 
with  28  Folding  Plates,  and  167  Woodcuts.   Roy.  8vo,  25/.  cloth. 

"  This  valuable  work  it,  and  will  remam,  the  tundard  authority  on  the  science  of  millinr.  .  .  : 
The  miller  who  has  read  and  digested  this  work  will  have  Uid  the  foundation,  so  to  speak,  of  a  successful 
career :  he  will  have  acquired  a  number  of  general  principles  which  he  can  proceed  to  apply.  In  this 
handsome  volume  we  at  last  have  the  accepted  text-book  of  modem  milling  in  £ood.  sound  fincUsh, 
which  has  little,  if  any,  ti  ace  of  the  German  idiom.  "—rAr^fV/^r. 

"  The  appearance  of  ti.is  (.elebrated  work  in  English  is  very  opportune,  and  British  millen  will,  ve 
are  sure,  not  be  slow  in  availinir  themselves  of  iu  pages."— jl/i7/<r«'  Gazette. 
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^gglutinants. 

Cements,  Pastes,  Glues  and  Gums  :  A  Practical  Guide  to  the 

Manufacture  and  Application  of  the  various  Agglutinants  required  in  the  Building, 
Metal- Working,  Wood -Working,  and  Leather- Working  Trades,  and  for  Workshop, 
Laboratory  or  Office  Use.  With  upwards  of  900  Recipes  and  Formulae.  By  H.  C. 
Standage,  Chemist.     Crown  8vo,  2s.  6d.  cloth.  [Just  published. 


f« 


We  have  pleasure  in  speaking  favourably  of  this  volume.  So  far  as  we  have  had  experience, 
^Rrhich  is  not  inconsiderable,  this  manual  is  trustworthy.*' — Athenaeusii. 

*'As  a  revelation  of  what  are  considered  trade  secrets,  this  book  will  arouse  an  amount  of 
-curiosity  among  the  large  number  of  industries  it  touches." — Daily  Chronicle. 

*'  In  this  goodly  collection  of  recipes  it  would  be  strange  if  a  cement  tor  any  purpose  cannot  be 
ft»xnd,**~-^il OMd  Co^urman*s  Jcumal. 

Soap-mahing. 

The    art    of    Soap-making  :   a  Practical   Handbook   of  tbe 

Manufacture  of  Hard  and  Soft  Soaps,  Toilet  Soaps,  &c.  Including  many  New 
Processes,  and  a  Chapter  on  the  Recovery  of  Glycerine  from  Waste  Leys.  By 
Alexander  Watt.    Fourth  Edition,  Enlarged.    Crown  8vo,  7J.  6d.  cloth. 

'*  The  work  will  prove  very  useful,  not  merely  to  the  technological  student,  but  to  the  practical  soap- 
boiler who  wishes  to  understand  the  theory  of  his  art." — Chemical  News. 

"  A  thoroughly  practical  treatbe  on  an  art  which  has  almost  no  literature  in  our  language.    We  con- 
i^ratu'ate  the  author  on  the  success  of  his  endeavour  to  fill  a  void  in  English  technical  literature." — Nature 

Paper  Making, 

Practical    Paper-making:    a  Manual  for    Paper-makers  and 

Owners  and  Managers  of  Paper-Mills.  With  Tables,  Calculations,  &c.  By  G. 
Clapperton,  Paper-maker.  With  Illustrations  of  Fibres  from  Micro- photographs. 
Crown  8vo,  5J.  cloth.  [7"^^  published. 

"The  author  caters  for  the  requirements  of  responsible  mill  hands,  apprentices,  &c.,  whilst  his 
nanual  will  be  found  of  great  service  to  students  ot  technology,  as  well  as  to  veteran  paper-makers 
and  mill  owners.    The  illustrations  form  an  excellent  feature." — The  World*s  Pater  Trade  Review. 

'*  We  recommend  everybody  interested  in  the  trade  to  get  a  copy  of  this  thoroughly  practical 
%30ok.." —Paper  Making. 

Paper  Making, 

THE   ART   OF    PAPER    MAKING  :   A  Piactical   Handbook  of   the 

Manufacture  of  Paper  from  Rags,  Esparto,  Straw,  and  other  Fibrous  Materials. 

Including  the  Manufacture  of  Pulp  from  'Wood  Fibre,  with  a  Description  of  the 

Machinery  and  Appliances  used.     To  which  are  added  Details  of  Processes  for 

Recovering  Soda  from  Waste  Liquors.     By  Alexander  Watt,  Author  of  "  The 

Art  of  Soap-Making. "     With  Illustrations.    Crown  8vo,  Ts,  6d.  cloth. 

'*  It  may  be  regarded  as  the  standard  work  on  the  subject.  The  book  is  full  of  valuable  informa- 
tion. The  *  Art  oi  Paper-making,'  i^  in  every  respect  a  model  of  a  text-book,  either  for  a  technical 
olass,  or  for  the  private  student." — Paper  and  Printing  Trades  Journal, 

Leatiier  Manufacture. 

THE    ART    OF    LEATHER    MANUFACTURE  :    Being   a   Practical 

Handbook,  in  which  the  Operations  of  Tanning,  Currying,  and  Leather  Dressing 

are  fully  Described,  and  the  Principles  of  Tanning  Explained,  and  many  Recent 

Processes  Introduced ;  as  also  Methods  for  the  Estimation  of  Tannin,    and    a 

Description  of  the  Arts  of  Glue  Boiling,  Gut  Dressing,  &c.      By  Alexander 

Watt,  Author  of  *•  Soap-Making,"  &c.    Second  Edition.    Crown  Svo,  gs,  cloth. 

*' A  sound,  comprehensive  treatise  on  tannings  and  its  accessories.  The  book  is  an  eminently  valuable 
production,  which  redounds  to  the  credit  of  both  author  and  publishers." — Chemical  Review, 

Boot  and  Shoe  Making. 

The  art  of  boot  and  Shoe-Making  :  a  Practical  Hand- 
book, including  Measurement,  Last-Fitting,  Cutting-Out,  Closing  and  Making, 
with  a  Description  of  the  most  approved  Machinery  Employed.  By  John  B. 
Leno,  late  Editor  o(  Si,  Crispin,  and  The  Bool  and  Sho*- Maker,     i2mo,  25,  cloth. 

'*  This  excellent  treatise  is  by  far  the  best  work  ever  Mrritten.  The  chapter  on  clicking;,  which  shows 
Qiow  waste  nuy  be  prevented,  will  save  fifty  times  the  price  of  the  book." — Scottish  Leather  Trader. 

Dentistry  Construction. 

Mechanical  Dentistry:  a  Practical  Treatise  on  the  Construe- 

tion  of  the  various  kinds  of  Artificial  Dentures.     Comprising  also  Useful  Formulae, 

Tables,  and  Receipts  for  Gold  Plate,  Clasps,  Solders,  &c.  &c.     By  C.  Hunter. 

Third  Edition.     With  100  Wood  Engravings.    Crown  8vo,  3J.  6d.  cloth. 

'*  We  can  strongly  recommend  Mr.  Hui.ter's  treatise  to  all  students  preparing  for  the  profession 
«f  dentistry,  as  well  as  to  every  mechanical  dentist." — Dublin  Journal  of  Medical  Science, 
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Wood  Engraving. 

Wood    engraving:    a  Practical  and  Easy  Introdaction  to  the 

Study  of  tho  Art.      By  William  Norman  Brown.     Second  Edition.     Wirh 

numerous  Illustrations.     i2mo,  is.  6J.  cloth  limp. 

"The  book  is  clear  and  complete,  and  will  be  userul  to  anyone  wantinc  to  nidi  i.iimid  the  first 
elements  of  the  beautiful  art  of  wood  enicraviog."— Crra/A/V. 

Horology. 

A  Treatise  on  modern  Horology,  in  Theory  and  Practice. 

Translated  from  the  French  of  Claudius  Saunier,  ex-Director  of  the  School  of 
Horology  at  Macon,  by  J u lien  Tripplin,   F.R.A.S.,  Besancon  Watch  Manu- 
facturer, and  Edward  Rigg,  M.  A.,  Assayer  in  the  Royal  Mint.     With  SeTenty- 
eight  Woodcuts  and  Twenty-two  Coloured  Copper  Plates.       Second  Edition. 
Super-royal  8vo,  £2  2s,  cloth  ;  £2  I  ox.  half-calf. 

"  There  is  no  horological  work  in  the  English  language  at  all  to  be  compared  to  this  ptoduction  of 
M,  Saunier's  for  clearness  and  completeness.  It  is  alike  good  as  a  ^de  for  the  student  and  as  » 
reference  for  the  experienced  horologist  and  skilled  workman.*' — Horological  Journal, 

**  The  latest^  the  most  complete,  and  the  most  reliable  of  those  literary  productions  to  whi^  cim- 
tinental  watchmakers  are  indebted  for  the  mechanical  superiority  over  their  Enslish  brethren — ^in  laar- 
the  Book  of  Books,  is  M.  Saunier's  '  Treatise.'  '*—tyatcAmaJber,  JtwtlUr^  amd Sitvertmith. 

Watchmaliing. 

The  WATCHMAKER'S  HANDBOOK.  Intended  as  a  Workshop 
Companion  for  those  engaged  in  Watchmaking  and  the  Allied  Mechanical  Arts. 
Translated  from  the  French  of  Claudius  Saunier,  and  considerably  enlarged  by 
JULtRN  Tripplin,  F.R.A.S.,  Vice-President  of  the  Horological  Institute,  and 
Edward  Rigg,  M.A..  Assayer  in  the  Royal  Mint.  With  numerous  Woodcuts 
and  Fourteen  Copper  Plates.     Third  Edition.      Crown  8vo,  gs.  cloth. 

**  Each  part  is  t  -uly  a  treatise  in  itself.  The  arrangement  is  good  and  the  language  is  clear  and 
concise.    It  u  an  admirable  guide  for  the  young  watchmaker.*' — Emgin4erimg, 

*'  It  is  impossible  to  speak  too  highly  of  its  excellence.  It  fulfils  every  requirement  in  a  handbook 
intended  for  the  use  of  a  workman.     Should  be  found  in  every  workshop.'  — fratck  and  ClockmtJttr. 

**  This  book  contains  an  immense  number  of  practical  details  beanng  on  the  daily  occupauon  of  » 
watchmaker." — Watckimaktr  and  Mttal-worker  (Chicago). 

Watches  and  Timekeepers. 

A  History  of  watches  and  other  Timekeepers.    By 

James  F.  Kendal,  M.B.H.  Inst.,  is.  6d,  boards ;  or  2s.  6d,  cloth,  gilt. 

*  Mr.  Kendal's  book,  for  its  size,  is  the  best  which  has  yet  appeared  on  this  subject  in  tbe- 
English  language."— /nif«s(r«r5. 

"  Open  the  book  where  you  may,  there  is  interesting  matter  in  it  concerning  the  ingeoions 
devices  of  ths  ancient  or  modern  horologer.  The  subject  is  treated  in  a  liberal  and  entertaining 
spirit,  as  might  be  expected  of  a  historian  who  is  a  master  of  the  craft." — Saturday  Rtview. 

Eleotrolysis  of  Gold,  Siiuer,  Copper,  &o. 

Electro-Deposition  :  a  Practical  Treatise  on  the  Electrolysis  ot 

Gold,  Silver,  Copper,  Nickel,  and  other  Metals  and  Alloys.     WMth  descriptions  ol 

Voltaic  Batteries,  Magneto  and  Dynamo- Electric  Machines,  Thermopiles,  and  of 

tlie  Materials  and  Processes  used  in  every  Department  of  the  Art,  and  several 

Chapters    on    Electro-Metallurgy.      By    Alexander    Watt,    Author  of 

**  Electio-Metallurgy,*' &c.     Third  Edition,  Revised.     Crown  8vo,  9^.,  cloth. 

"  Eminently  a  book  for  the  practical  worker  in  electro-deposition.  It  contains  practical  descriptions, 
of  methods,  processes  and  materials,  ais  actually  pursued  and  used  in  the  workshop.*' — Enginttr. 

EiectrO'Htetailurgy. 

Electro-Metallurgy  :    Practically  Treated.      By  Alexander 

Watt,  Author  of  ••Electro-Deposition,"  &c.     Ninth  Edition,  including  the  most 

recent  Proc(s>es.     i2mo,  4^.  cloth  boards. 

"  From  this  book  both  amateur  and  artisan  may  learn  everything  necessary  for  the  successful  pro- 
secution of  electroplating."— /fwt. 

Worliing  in  Qoid. 

THE  JEWELLER'S  ASSISTANT  IN  THE  ART  OF  WORKING  IN 
QOLD :  A  Practical  Treatise  for  Masters  and  Workmen,  Compiled  from  the 
Experience  of  Thirty  Years*  Workshop  Practice.  By  George  E.  Gee,  Author  of 
••The  Goldsmith's  Handbook,"  &c.     Crown  8vo,  71.  6d.  cloth. 

"This  manual  of  technical  education  is  apparently  destined  to  be  a  valuable  auxiliary  to  a  haB<]i- 
craft  which  is  certainly  capable  of  great  improvement." — The  'J imes. 

*'  Very  useful  iq  the  workshop,  the  knowledge  i«  pr»ct>cal,  having  been  acquired  by  k>nr  experience* 
and  all  the  recipes  and  directions  are  guaranteed  to  be  &urce»sful."— yreift/iirr  «ffdf  Mttahoorktr, 
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Electroplating. 

Electroplating  :   A  Practical  Handbook  on  the  Deposition   of 

Copper,   Silver,   Nickel,   Gold,    Aluminium,   Brass,    Platinum,   &c.    &c.  ;    with 

Descriptions  of  the  Chemicals,  Materials,  Batteries,  and  D3mamo  Machines  used  in 

.      the  Art.     By  J-  W.  Urquhart,  C.E,,  Author  of  "Electric  Light,"  &c.     Third 

Edition,  Revised,  with  Additions.      Numerous  Illustrations.    Cruwn  8vo,  51.  cloth. 

**  An  excellent  practical  manual.'*— £if^m«;nn^. 

*'  An  excellent  work,  giving  the  newest  information.**— /foro^o^ tea/  Journal. 

Electrotyping. 

ELECTROTYPING  :  The  Reproduction  and  Multiplication  of  Printing 

Surfaces  and  Works  of  Art  by  the  Electro-deposition  of    Metals.     By  J.  W. 
Urquhart,  C.E.     Crown  8vo,  ss,  cloth. 

"The  book  is  thoroughly  practical ;  the  reader  is,  therefore,  conducted  through  the  Teading  lavs  of 
electricity,  then  through  the  raetals  used  by  electrotyper»,  the  apparatus,  and  the  depositing  processes,  up 
to  the  final  preparation  of  the  work."—  ^4  r/  youmai. 

Ooldsmiths'  Work. 

The  GOLDSMITH'S  Handbook.     By  George  E.  Gee,  Jeweller, 

&c.      Third  Edition,  considerably  Enlarged.     i2mo,  3^.  6d.  cloth  boards. 
*' A  good,  sound  educator,  and  will  be  generally  accepted  as  an  9MtYiox\iy."—IIorologicaiyoumat. 

Siluersmitha'  Work. 

The  SILVERSMITH'^  HANDBOOK.     By  George  E.  Gee,  Jeweller, 

&c.     Second  Edition,  Revised,  with  numerous  Ulusts.     l2mo,  3^.  6d.  cloth  boards. 
**  The  chief  merit  of  the  work  is  its  practical  character.    .     .    The  workers  m  the  trade  will  speedily 
discover  iu  merits  when  they  sit  down  to  study  it,'*— £i^/ish  Mechanic. 

*^j*  The  above  two  works  together^  strongly  half-bound^  price  Js, 

Bread  and  Biscuit  Baking. 

The  bread  and   Biscuit   Baker^s  and  Sugar-boiler'S 

Assistant.     Including  a  large  variety  of  Modern  Recipes.     With   Remarks  on 
the  Art  of  Bread-making.     By  Robert  Wells,  Practical  Baker.    Second  Edition, 
with  Additional  Recipes.     Crown  8vo,  2s.  cloth. 
"A  large  number  of  wrinkles  for  the  ordinary  cook,  as  well  as  the  bAker."— Saturday  Review. 

Confeotionery  for  Hoteis  and  Restaurants. 

THE     Pastrycook    and    confectioner's    Guide.     For 

Hotels,   Restaurants,  and  the  Trade  in  general,  adapted  also  for   Family   Use. 
By  Robert  Wblls,  Author  of  *'  The  Bread  and  Biscuit  Baker's  and  Sugar  Boiler's 
Assistant."    Crown  8vo,  2s.  cloth. 
"  We  cannot  speak  too  highly  of  this  realljr  excellent  work.    In  these  days  of  keen  competition 
our  readers  cannot  do  better  than  purchase  this  book."— BaArr's  Times. 

Ornamental  Confectionery. 

Ornamental  Confectionery  :  A  Guide  for  Bakers,  Con- 
fectioners and  Pastrycooks  ;  including  a  Variety  of  Modern  Recipes,  and  Remarks 
on  Decorative  and  Coloured  Work.  With  129  Original  Designs.  By  Robert 
Wells,   Practical  Baker,   Author   of  '*The    Bread    and    Biscuit    Baker's    and 

Sugar- Boiler's  Assistant,"  &c.     Crown  8vo,  cloth  gilt,  5^. 
"  A  valuable  work,  practical,  and  should  be  in  the  h«nda  ofevery  oaker  and  confectioner.    Tho 
illustrative  designs  are  alone  worth  treble  the  am  sunt  charged  for  the  whole  vrork,"— 'Baker's  Times. 

Flour  Confectionery. 

The  Modern  flour  confectioner,  wholesale  and  Retail. 
Containing  a  large  Collection  of  Recipes  for  Cheap  Cakes,  Biscuits,  &c.  With 
Remarks  on  the  Ingredients  Used  in  their  Manufacture.  To  which  are  added 
Recipes  for  Dainties  for  the  Working  Man's  Table.  By  Robert  Wells,  Author 
of  "The  Bread  and  Biscuit  Baker,"  &c.  Crown  8vo,  2s.  cloth. 
"The  work  is  of  a  decidedly  pr4Ctical  character,  and  ia  every  recipe  regard  is  had  to  economical 
working."— iV<^M  BntisA  Daity  MaU. 

Laundry  Work. 

Laundry  management,     a  Handbook  for  Use  in  Private  and 

Public  Laundries.      Including  Descriptive  Accounts  of  Mo<lern  Machinery  and 
Appliances  for  Laundry  Work.    By  the  Editor  of  **  The  Laundry  Journal."  With 
numerous  Illustrations.     Second  Edition.     Crown  8vo,  2s.  6<t.  cloth. 
"This  book  should  certainly  occupy  an  honoured  place  on  the  shelves  of  all  housekeepers  who 
wish  to  keep  themselves  au  courant  of  the  newest  appliances  and  methods." — The  QuetH. 
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HANDYBOOKS   FOR    HANDICRAFTS. 

BY  PAUL  N.   HASLUCK, 
Editor  of  <*  Work  *  (New  Series),  Author  of*'  Lathe  Work,"  "  MUting  Machines,*'  && 

Crown  8vo,  144  pages,  cloth,  price  ix.  each. 

\^  These  Handybooks  have  been  tffritten  to  supply  informatum  for  Workmen. 
Students,  and  Amateurs  in  the  several  Handicrafts,  on  the  actual  Practice  ef  the 
Workshop,  and  are  intended  to  convey  in  plain  language  Technical  Knowledge  of 
the  sei^eral  Crafts.  In  describing  the  processes  employed,  and  the  maniptdeOion  of 
material,  workshop  terms  are  used ;  workshop  practice  is  fully  explained ;  and  the  text  is 
freely  illustrated  with  drawings  of  modem  tools  j  appliances,  and  processes. 


THE    METAL    TURNER'S    HANDYBOOK.     A  Practical   Manual   for 

Workers  at  the  Foot- Lathe.     With  over  100  Illustrations.     Price  \s. 

"  The  book  will  be  of  service  alike  to  the  amateur  and  the  artisan  turner.    It  displays  thoroosh 
knowledge  of  the  subject.*' — SciAiman, 

The    Wood    Turner's    HANDYBOOK.      a    Practical    Manual  for 

Workers  at  the  Lathe.     With  over  100  Illustrations.     Price  ix. 

*'  We  recommend  the  book  to  jroun^  turners  and  amateurs.    A  multitude  <^  workmen  have  hitherto 
sought  in  vain  for  a  manual  of  this  specul  industry."— JlftfrJbi«rV-a/  World, 

The    Watch    jobber's    HANDYBOOK.      a  Practical   Manual  on 

Cleaning,  Repairing,  and  Adjusting.    With  upward%Df  100  lUastratioosw    Price  u. 

"We  strongly  advise  all  young  persons  connected  with  the  watch  trade  to  acquire  and  stndy  this 
inexpensive  work."— C/crAmwW/  Ckronicie, 

THE    Pattern    maker's    HANDYBOOK.     a  Practical  Manual  on 
the  Construction  of  Patterns  for  Founders.    With  upwards  of  100  Illustrations,    ix; 
"  A  most  valuable,  if  not  indispensable,  manual  for  the  pattern  maker."— Knowledge. 

The    mechanics  Workshop  HANDYBOOK.     a  Practical  Manual 

on    Mechanical   Manipulation,   embracing    Information    on    various    Handicraft 

Processes.     With  Useful  Notes  and  Miscellaneous  Memoranda.    Comprising  about 

200  Subjects.    Price  is, 

"A  very  clever  and  useful  book,  which  should  be  found  in  every  workshop;  and  it  should  oer- 
tainly  find  a  place  in  all  technical  Khoo\s."Saturday  Review. 

The    MODEL    ENGINEER'S    HANDYBOOK.     A  Practical   Manual  on 
the  Construction  of  Model  Steam  Engines.    With  upwards  of  loo  Illustrations,     ix. 
"  Mr.  Haslock  has  produced  a  very  good  little  hook." —Builder. 

The    Clock    jobber's    HANDYBOOK.      a   Practical    Manual    on 

Cleaning,  Repairing,  and  Adjusting.    With  upwards  of  100  Illustrations.    Price  ix. 
It  is  of  nestimable  service  to  those  commencing  the  trade."— Covra/ry  Standard. 

The    Cabinet    worker's    HANDYBOOK.       a    Practical    Manual 

on  the  Tools,  Materials,  Appliances,  and  Processes  employed  in  Cabinet  Work. 

With  upwards  of  100  Illustrations.    Price  ix. 

"  Mr.  Hasluck's  thoroughgoing  little  Handybook  is  amongst  the  most  pracdcal  guides  we  have 
seen  for  beginners  in  cAhinet-work."  ^"Saturday  Review, 

THE  WOODWORKER'S  HANDYBOOK  OF  MANUAL  INSTRUCTION. 
Embracingr  Information  on  the  Tools,  Materials,  Appliances  and  Processes  Em- 
ployed in  Woodworking.     With  104  Illustrations.     Price  ix.  [Just published. 

The  METALWORKER'S  HANDYBOOK.  With  upwards  of  100  Illus- 
trations. _  _  [In  preparation. 

Opinions  ok  the  Press. 

*'  Written  by  a  man  who  knows,  not  only  how  work  ought  to  be  done,  but  how  to  do  it, 
and  how  to  convey  his  knowledge  to  others." — Engineering. 

"  Mr.  Hasluck  writes  admirably,  and  gives  complete  instructions." — Engineer. 

"  Mr.  Hasluck  combines  the  experience  of  a  practical  teacher  with  the  manipulative 
skill  and  scientific  knowledge  of  processes  of  the  trained  mechanician,  and  the  manuals 
are  marvels  of  what  can  be  produced  at  a  popular  price." — Sehoolmaster. 

//Helpful  to  workmen  of  all  ages  and  degrees  of  experience." — Daily  ChronieU. 

Practical,  sensible,  and  remarkably  cheap." — Journal  0/  Education. 

"Concise,  clear,  and  practical."— 5a^«r<fay  Review, 


COMMERCE,  COUNTING-HOUSE  WORK,  TABLES,  d^r.  41 

COMMBRCB,  COUNTINO-HOUSB  WORK,  TABLES,  etc. 
Commercial  Education. 

Lessons   in    Commerce.      By  Professor  R.   Gambaro,   of  the 

Royal  High  Commercial  School  at  Genoa.    Edited  and  Revised  by  James  Gault, 
Professor  of  Commerce  and  Commercial  Law  in  King's  College,  London.     Crovm 
8vo,  3^.  6d.  cloth. 
'*  The  publishers  of  this  work  have  rendered  considerable  service  to  the  cause  of  commerda!  educa- 
tion by  the  opportune  oroduction  of  this  volume.    .    .    .    The  work'is  peculiarly  acceptable  to  English 
readers  and  an  aKimirable  addition  to  existing  class  books.     In  a  phrase,  we  think  the  work  attains  its 
object  in  furnishing  a  brief  account  of  those  laws  and  customs  of  British  trade  with  which  the  commer- 
cial  man  interested  therein  should  be  familiar." — Ckamier  qf  Commerce  Journal. 

**  An  invaluable  guide  in  the  hands  of  those  who  are  preparing  for  a  commercial  career,  and«  in  fact 
the  information  it  contains  on  matters  of  business  should  be  impiessed  on  every  one."— C^mm/m^  Houm, 

Foreign  Commercial  Correspondence. 

The  Foreign  commercial  Correspondent:    Being  Aids 

to  Commercial  Correspondence  in  Five  Languages — English,  French,  German, 
Italian,  and  Spanish.  By  Conrad  £.  Baker.  Second  Edition.  Cr.  8vo,  y.  6d.  cl. 
'*  Whoever  wishes  to  correspond  in  all  the  languages  mentioned  by  Mr.  Baker  cannot  do  better 

than  study  this  work,  the  materials  of  which  are  excellent  and  conveniently  arranged.    They 

consist  not  of  entire  specimen  letters,  but — what  are  far  more  useful — short  passages,  sentences,  or 

phrases  expressing  the  same  general  idea  in  various  forms." — Athenaum, 

"  A  careful  examination  has  convinced  us  that  it  is  unusually  complete,  well  arranged  and 

reliable.    The  book  is  a  thoroughly  good  one."— Sc/KX)lmas/rr. 

Accounts  for  Manufacturers. 

Factory  accounts  :  Their  Principles  and  Practice.  A  Handbook 
for  Accountants  and  Manufacturers,  with  Appendices  on  the  Nomenclature  of  Machine 
Details  ;  the  Income  Tax  Acts  ;  the  Rating  of  Factories  ;  Fire  and  Boiler  Insurance; 
the  Factory  and  Workshop  Acts,  &c.,  including  also  a  Glossary  of  Terms  and  a  large 
number  of  Specimen  Rulings.  By  Emile  Garcke  and  J.  M.  Fells.  Fourth 
Edition,  Revised  and  Enlarged.  Demy  8vo,  250  pages.  6s.  strongly  bound. 
"A  very  interesting  description  of  the  requirements  of  Factory  Accounts.    .    .    .    The  principle  of 

assimilating  the  Factory  Accounts  to  the  general  commercial  books  is  one  which  we  thoroughly   agree 

with.** — Accountants'  JoumeU. 

^ "  Characterised  by  extreme  thoroughness.      There  are  few  ovmers  of  factories  who  would  not 

derive  great  benefit  from  the  perusal  of  this  most  admirable  work.'* — Local  Government  ChronicU, 

Intultice  Calculations. 

THE  Compendious  Calculator  ;  or.  Easy  and  Concise  Methods 

of  Performing  the  various  Arithmetical  Operations  required  in  Commercial  and 
Business  Transactions,  together  with  Useful  Tables.  By  Daniel  O 'Gorman. 
Corrected  and  extended  by  Prof.  J.  R.  Young.  Twenty-seventh  Edition,  Revised  by 
C  NoRRis.  Fcap.  8vo,  ^.  6d.  cloth  limp ;  or,  3^.  6d.  strongly  half-bound  in  leather. 
**It  would  be  difficult  to  exaggerate  the  usefulness  of  a  book  like  this  to  everyone  engaged  in  00  m- 

oierce  or  manufocturing  industry.  It  is  crammed  full  of  rules  and  formulae  for  shortening  and  employing 

calculations." — Knowledge, 

Modern  Metrical  Units  and  Systems. 

Modern    metrology  :    a  Manual  of  the   Metrical  Units  and 

Systems  of  the  present  Century.  With  an  Appendix  containing  a  proposed  English 
System.  By  Lowis  D'A.  Jackson,  A.-M.  Inst.  C.E.,  Author  of  **  Aid  to  Survey 
Practice,"  &c.     Large  crown  8vo,  12s,  td.  cloth. 

"  We  recommend  the  work  to  all  interested  in  the  practical  reform  of  our  weighu  and  measures." 
•  I^ntttre 

The  Metric  System  and  the  British  Standards. 

A   Series  of    metric   Tables,   in  which  the  British  Standard 

Measures  and  Weights  are  compared  with  those  of  the  Metric  System  at  present  in 

Use  on  the  Continent     By  C.  H.  Dowling,  C.E.     8vo,  los,  6d.  strongly  bound. 

"  Mr.  Bowling's  Tables  are  well  put  together  as  a  ready  reckoner  for  the  conversion  of  one  system 

into  the  other.'* — Atkenetum, 

Iron  and  Metal  Trades'  Calculator. 

THE  IRON  AND  METAL  TRADES'  COMPANION  :  For  expedi- 
tiously ascertaining  the  Value  of  any  Goods  bought  or  sold  by  Weight,  from  is. 
per  cwt.  to  1 1 25.  per  cwt. ,  and  from  one  farthing  per  pound  to  one  shilling  per  pound. 
By  Thomas  Downie.     Strongly  bound  in  leather,  396  pp.,  91. 

"A  most  useful  set  of  tables,  nothing  Tike  them  before  existed." — Building  News, 
"Although  specially  adapted  to  the  iron  and  metal  trades,  the  Utiles  will  be  found  useAil  in  every 
«ther  business  m  which  merchandise  is  bought  and  sold  by  weight."— iPaiVtMt/  News. 
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Chadwioh's  Calculator  for  Numbers  and  Weights  Combined. 
The    Number,  weight,  and    fractional    Calculator. 

Containing  upwards  of  250,000  Separate  Calculations,  showing  at  a  glance  the  Yalae 
at  422  different  rates,  ranging  from  y^th  of  a  Penny  to  2Qr.  each,  or  per  cwt.,  and 
^20  per  ton,  of  any  number  of  articles  consecutively,  from  i  to  470. — Any  number 
of  cwts.,  qrs.,  and  lbs.,  from  I  cwt.  to  470  cwts. — Any  number  of  tons,  cwts.,  qrs., 
and  lbs.,  from  I  to  1,000  tons.  By  William  Chadwick,  Public  Accountant. 
Third  Edition,  Revised  and  Improved.  8vo,  price  i&r.  strongly  bound  for  Oftce 
wear  and  tear. 

iS"  /j  adapted  for  the  use  of  Accountants  and  Auditors^  Railway  Companies^  Canal 
Companies,  Shippers,  Shipping  Agents^  General  Carriers^  ^'c.  /ronfounders.  Brass- 
founders,  Afetal  Merchants,  Iron  Manufacturers,  Ironmongers,  Engineers,  Machinists^ 
Boiler  Makers,  Millwrights,  Roofing,  Bridge  and  Girder  Makers,  Colliery  Proprietors,  &*£. 
Timber  Merchants,  Builders,  Contractors,  Architects,  Surveyors,  Auctioneers,  Valuers^ 
Brokers,  Mill  Owners  and  Manufacturers,  Mill  Furnishers,  Merchants,  and  GeneroJ 
Wholesale  Tradesmen,  Also  for  the  Apportionment  of  Mileage  Charges  for  RtUlway  Trafic, 

•»*  Opinions  of  thk  Press. 

"  It  U  as  easy  of  reference  for  any  answer  or  any  number  of  answers  as  a  dictionary,  and  the  refer- 
ences are  eTen  more  quickly  made.    For  making  up  accounts  or  estimates  the  book  must  prove  * 
" '    toi  "  ' 

on 
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ences  are  eTen  more  quicKiy  maae.  ror  making  up  accounts  or  estimates  tne  dook  mu&c  prove  inrannr 
ble  to  all  who  have  any  considerable  quantity  of  calculations  involving  price  and  measure  in  any  combi- 
nation to  do. " — Enginetr, 

*'The  most  complete  and  practical  ready  reckoner  which  it  has  been  our  fortune  yet  to  see.    It  is 
difficult  to  imagine  a  trade  or  occupation  in  which  it  could  not  be  of  the  greatest  use,  either  in  saving 
human  labour  or  in  checking  work.    The  publishers  have  placed  within  the  reach  of  every 
man  an  invaluable  and  unfailing  assistant."— TA^  Miller. 

The  most  perfect  work  ofthe  kind  yet  prepared.*'— (r/ov'^w  Hermld. 


Harben's  Comprehensive  Weight  Calculator, 

The  Weight  Calculator  :    Being  a  Series  of  Tables  upoa  a 

New  and  Comprehensive  Plan,  exhibiting  at  one  Reference  the  exact  Value  of  any 
Weight  from  I  lb.  to  15  tons,  at  300  Progressive  Rates,  from  id.  to  i68j.  per  cwt, 
and  containing  186,000  Direct  Answers,  which,  with  their  Combinations,  consisting 
of  a  single  addition  (mostly  to  be  performed  at  sight),  will  afford  an  aggregate  of 
10,266,000  Answers ;  the  whole  being  calculated  and  designed  to  ensure  correct- 
ness and  promote  despatch.  By  Henry  Harben,  Accountant.  Fourth  Edition, 
carefully  corrected.     Royal  8vo,  strongly  half-bound,  ;^i  51. 

"  A  practical  and  useful  work  of  reference  for  men  of  business  generally  ;  it  is  the  best  of  the  kind  we 
have  9ttn."—Ir»nm»Hgtr. 

**  Of  priceless  value  to  business  men.  It  is  a  necessary  book  in  all  mercantile  offictsJ"—Ske/fitld 
Independent, 

Harben's  Comprehensiue  Discount  Ouide. 

The  Discount  Guide.    Comprising  several  Series  of  Tables  for 

the  use  of  Merchants,  Manufacturers,  Ironmongers,  and  others,  by  which  may  be 

ascertained  the  exact  Profit  arising  from  any  mode  of  using  Discounts,  either  in  the 

Purchase  or  Sale  of  Goods,  and  the  method  of  either  Altering  a  Rate  of  Discount, 

or  Advancing  a  Price,  so  as  to  produce,  by  one  operation,  a  sum  that  will  realise  any 

required  proht  after  allowing  one  or  more  Discounts :  to  which  are  added  Tables  01 

Profit  or  Advance  from  i  J  to  90  per  cent.,  Tables  of  Discount  from  ij^  to  gSf  per 

cent.,  and  Tables  of  Commission,  &c.,  from  i  to  10  per  cent.  By  Henry  Harben, 

Accountant,  Author  of  "The  Weight  Calculator."    New  Edition,  carefully  Revised 

and  Corrected.     Demy  8vo,  544  pp.,  £i  $s.  half-bound. 

**  A  book  such  as  this  can  only  be  appreciated  by  business  men,  to  whom  the  saving^  of  time  means, 
saving  of  money.    We  have  the  high  authority  of  Professor  J.  R.  Young  that  the  tables  throughout  the 
work  are  constructed  upon  siricily  accurate  pnnciples.    The  work  is  a  model  of  typographical  dearaess, 
and  must  prove  of  great  value  to  merchants,  manufacturers,  and  general  traders." — British  Trad* 
JeumaL 

Iron  Shipbuilders*  and  Merchants'  Weight  Tables. 

IRON-PLATE  WEIGHT  TABLES:  For  Iron  Shipbuilders,  Engi- 
neers, and  Iron  Merchants.  Containing  the  Calculated  Weights  of  upwards  of 
150,000  different  sizes  of  Iron  Plates  from  i  foot  by  6  in.  by  i  in.  to  10  feet  by  5 
feet  by  I  in.  Worked  out  on  the  basis  of  40  lbs.  to  the  square  foot  of  Iron  of  I 
inch  in  thickness.  Carefully  compiled,  and  thoroughly  Revised  by  H.  BuRUNSON 
and  W.  H.  Simpson.    Oblong  4to,  2$s.  half-bound. 

"This  work  will  be  found  of  great  utility.  The  authors  have  had  much  practical  experience  of 
what  IS  wanting  in  making  esuoaates,  and  the  use  of  the  b9ok  will  save  much  time  in  making  elabonte 
calculations."— fitc'/uA  Mechanic, 


AGRICULTURE,  FARMING,  GARDENING,  ^c.  4j 

-- 

AGRICULTURE,  FARMINQ,  QARDENINO,  eto. 

Dr.  Fream'8  New  Edition  of  "  The  Standard  Treatise  on  Agriculture.'* 
The    Complete    Grazier    and    Farmer's   and    Cattle 

Breeder's  Assistant  :  a  Compendium  of  Husbandry.  Originally  Written  by 
William  Youatt.  Thirteenth  Edition,  entirely  Re- written,  considerably  En- 
larged, and  brought  up  to  the  Present  Requirements  of  Agricultural  Practice,  by 
William  Fream,  LL.D.,  Steven  Lecturer  in  the  University  of  Edinburgh,  Author 
of  "The  Elements  of  Agriculture,"  &c.  Royal  8vo,  i.ioo  pp.,  with  over  450 
Illustrations.  Price  £1  lis,  6d,  strongly  and  handsomely  bound. 

Extract  from  Publishers'  Advertisement. 

**  A  treatise  that  made  its  original  appearance  in  the  first  decade  of  the  century,  and  that  enters 
upon  its  Thirteenth  edition  befoie  the  century  has  run  its  course,  has  nndoubteciiv  established  its 
position  as  a  work  of  permanent  value.  .  .  .  The  phenomenal  progress  of  the  last  dozen  years 
in  the  Practice  aad  Science  of  Farming  has  rendered  it  necessary,  nowever,  that  the  volume  should 
be  re-written,  .  .  .  and  for  this  underialcing  the  Publishers  were  fortmiate  enough  to  secure  the 
servicits  of  Dr.  Frsam,  whose  high  attainments  in  all  matters  pertaining  to  agriculture  have  been 
so  emphatically  recognised  by  the  highest  professional  and  official  authorities.  In  carryins  out  his 
editorial  duties.  Dr.  Fream  has  been  favoured  with  valuable  contributions  by  Prof.  J.  Wortley 
AxB,  Mr.  E.  Brown,  Dr.  Bernard  Dyer,  Mr.  W.  J.  Malden,  Mr.  R.  H.  Rew,  Profl  Sheldon,  Mr. 
J.  Sinclair,  Mr.  Sanders  Spencer,  and  others. 

"  As  regards  the  illustrations  of  the  work,  no  pains  have  been  spared  to  make  them  as  repre- 
sentative and  characteristic  as  possible,  so  as  to  be  practically  useful  to  the  Farmer  and  Grazier." 

Summary  of  Contents. 

Book  I.  On  the  Varieties,  Breeding,  Rear-  '  Book  VII.    On  the  Breeding,  Rearing,  and 

iNG,  Fattening  and  Management  op  Cattle.  |       Management  of  Poultry. 

Book  II.  On  the  Economy  and  Management  i  Book  VIII.    On    Farm   Offices   and  Imple- 

OF  THE  Dairy.  i       ments  of  Husbandry. 
Book  III.  On  the  Breeding,  Rearing,  and       Book  IX.    On    the    Culture  and  Manage- 

Managememt  of  Horses.  ment  of  Grass  Lands. 

Book  IV.    On  the  Breeding,  Rearing,  and  '   Book  X.  On  the  Cultivation  and  Applica- 

Fattenino  of  Sheep.  I      tion  of  Grassks,  Pulse  and  Roots. 
Book  V.    On   the  Breeding,  Rearing,  and       Book  XL    On    Manurks   and   their  appli- 

Fattenino  of  Swine.  cation  to  Grass  Land  and  Crops. 

Book  VI.  On  the  Diseases  of  Live  Stock.  i   Book  XII.  Monthly  Calendars  of  Farmwork. 

*,•  Opinions  of  the  Press  on  the  New  Edition. 

"  Dr.  Fream  is  to  be  congratulated  on  the  successfal  attempt  he  has  made  to  give  us  a  work 
which  will  at  once  become  the  standard  classic  ol  the  farm  practice  of  the  country.  Vve  believe  that 
it  will  be  found  that  it  has  no  compeer  amonie  the  many  works  at  present  In  existence.  .  .  .  The 
illustrations  are  admirable,  while  the  frontispiece,  which  represents  the  well-known  bull.  New  Year's 
Gift,  bred  by  the  Queen,  is  a  work  of  art,"— T/v  Times. 

**  The  book  must  be  recognised  as  occupying  the  proud  position  of  the  most  exhaustive  work  of 
reference  in  the  English  language  on  the  subject  with  which  it  deals." — Attunaum. 

"  The  most  comprehensive  guide  to  modern  farm  practice  that  exists  in  the  English  language 
to-day.    .  The  book  is  one  that  ought  to  be  on  every  farm  and  in  the  library  of  every  land 

owner."— if  arA  Lant  Express. 

"  In  point  of  exhaustiveness  and  accuracy  the  work  will  certainly  hold  a  pre>emtnent  and  unique 
position  among  books  dealing  with  scientilic  agricultural  practice.  It  is*  m  fact,  an  agricultural 
library  of  itself."— iVor//i  British  Agriculturist. 

"  A  compendium  ef  authoritative  and  well-ordered  knowledge  on  every  conceivable  branch  of 
the  work  of  the  live  stock  farmer;  probably  without  an  equal  in  this  or  any  othei  country.*'— VorA- 
sHire  Post. 

*'The  best  and  brightest  guide  to  the  practice  of  husbandry :  one  that  has  no  superior— no  equal 
we  might  truly  say— among  the  agricultural  literature  now  before  the  public.  ...  In  every  section 
in  which  we  have  tested  it,  the  work  has  been  found  thoroughly  up  to  date."— Bcr/i's  Wakly  kits- 
senger, 

British  Farm  Liue  8tocf<. 

Farm  Live  Stock  of  Great  Britain.    By  Robert  Wallace, 

F.L.S.,    F.R.S.E.,   &c.,    Professor  of   Agriculture  and   Rural   £conomy  in   the 

University  of  Edinburgh.      Third  Edition,  thoroughly  Revised  and  considerably 

Enlarged.     With  over  120  Phototypes  of  Prize  Stock.    Demy  8vo,  384  pp.,  with 

79  Plates  and  Maps.     Price  12s,  6d.,  cloth. 

"  A  really  complete  work  on  the  historv,  breeds,  and  management  of  the  farm  stock  of  Great 
Britain,  and  one  which  is  likely  to  tind  its  way  to  the  shelves  of  every  country  gentleman's 
library."— rA«  Times. 

"The  latest  edition  of  *  Farm  Live  Stock  of  Great  Britain '  is  a  production  to  be  proud  of,  and 
its  issue  not  the  least  of  the  services  which  Its  author  has  rendered  to  agricultural  science."— 
Scottish  Farmer. 

"  The  book  is  very  attractive,  .  .  .  and  we  can  scarcely  imagine  the  existence  of  a  farmer  who 
would  not  like  to  have  a  copy  of  this  beautiful  and  useful  work  "—ilaf  A  Lane  Express. 

"  A  work  which  will  long  be  regarded  as  a  standard  authority  whenever  a  concise  history  aad 
description  of  the  breeds  of  live  stock  in  the  British  Istes  is  required."— BWi's  Weekly  Messenger, 
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Dairy  Farming. 

British  Dairying  :  A  Handy  Volume  on  the  Work  of  the  Dairy- 
Fann.  For  the  Use  of  Technical  Instruction  Classes,  Students  in  Agricultural 
Colleges  and  the  Working  Dairy-Farmer.  By  Prof.  J.  P.  Sheldon,  late  Special 
Commissioner  of  the  Canadian  Government,  Author  of  "Dairy  Farming,"  "Tlie 

Farm  and  the  Dairy,"  &c.    With  numerous  Illustrations.  Crown  8vo,  2s.  6d.  cloth. 

*'May  be  confidently  recommended  as  a  useful  text-book  on  dairy  Carming.**  — wi4;rinfitefa/ 
Cdtette. 

"Probably  the  best  half-crown  manual  on  dairy  work  that  has  yet  bsen  prodaced.*'~A'GrfA 
British  Agriculturist. 

**  It  is  the  soundest  little  work  we  have  yet  seen  on  the  subject." — The  Tinus. 

Dairy  ManuaL 

Milk,  Cheese  and  Butter:  Their  Composition,  character  and 

the  Processes  of  their  Production.  A  Practical  Manual  for  Students  and  Dairy 
Farmers.  By  John  Oliver,  late  Principal  of  the  Western  Dairy  Institute, 
Berkeley.  Crown  8vo,  3S0  pages,  with  Coloured  Test  Sheets,  and  numerous  Illus- 
trations, ys,  6d,  cloth.  \jIusI publislud. 

Agricultural  Facta  and  Figures. 

Note-Book  of  agricultural  Facts  and  Figures  for 

Farmers  and  Farm  Students.     By  Primrose  McConnell,  B.Sc     Fifth 

Edition.     Royal  32mo,  roan,  gilt  edges,  with  band,  4s. 
'*  Literally  teems  with  information  and  we  can  cordially  recommend  it  to  all  connened  with 
agriculture." — North  British  Agricultu$ist. 

Small  Farming. 

•     SYSTEMATIC   SMALL    FARMING  ;   or,  The  Lessons  of  my  Farm. 

Being  an  Introduction  to  Modem  Farm  Practice  for  Small  Farmers.      By  Robert 

Scott  Burn,  Author  of  ''Outlines  of  Modern  Farming,"  &c.      With  numerous 

Illustrations,  crown  8vo,  6x.  cloth. 

"This  is  the  completest  book  of  its  clan  we  have  seen,  and  one  which  every  amateur  Cuioer  will 

read  with  pleasure,  and  accept  as  a  guide." — Field. 

Modern  Farming. 

Outlines  of  Modern  farming.    By  R.  Scott  Burn.    Soils, 

Manures,  and  Crops — Farming  and  Farming  Economy — Cattle,  Sheep,  and  Horses — 

Management  of  Dairy,  Pigs,  and  Poultry — Utilization  of  Town-Sewage,  Irrigation, 

&c.    Sixth  Edition.     In  one  vol.,  1,250  pp.,  half.bound,  profusely  Illustrated,  I2s» 

"  The  aim  of  the  author  has  been  to  make  his  work  at  once  comprehensive  and  tnDstworthjr,  and  in 

^ts  aim  he  has  succeeded  to  a  degree  which  entitles  him  to  much  ct^VL.**— Miming  A  dvtrtiser. 

Agricultural  Engineering. 

Farm  Engineering,  the  Complete  Text-Book  of.  Com- 
prising Draining  and  Embanking  ;  Irrigation  and  Water  Supply ;  Farm  Roads, 
Fences  and  Gates  ;  Farm  Buildings ;  Bam  Implements  and  Machines  ;  Fidd  Imple- 
ments and  Machines ;  Agricultural  Surveying,  &c.  By  Professor  John  Scott.  In 
one  vol.,  1,150  pages,  half- bound,  with  over  600  Illustrations,  12s. 
''Written  with  great  care,  as  well  as  with  knowledge  and  ability.    The  author  has  done  his  work 

well ;  we  have  found  him  a  verv  trustworthy  guide  wherever  we  have  tested  his  statements.   The  volume 

will  be  of  great  value  to  agricultural  studena.**-~J/«rA  Lane  Express, 

Agricultural  Text-Book. 

The  Fields  of  Great  Britain:  a  Text-Book  of  Agriculture. 

Adapted  to  the  Syllabus  of  the  Science  and  Art  Department.     For  Elementary  and 
Advanced  Students.     By  Hugh  Clements  (Board  of  Trade).     Second  Edition, 
Revised,  with  Additions.     i8mo,  2s,  dd,  cloth. 
"  A  most  comprehensive  volume,  giving  a  mass  of  information." — Agricultural  Eamcmist. 
"  It  is  a  long  time  since  we  have  seen  a  book  which  has  pleased  us  more,  or  which  cootaias  such  a 
4rast  and  useful  mnd  of  knowledge." — Educational  Times. 

Tables  for  Farmers,  &c. 

TABLES,  MEMORANDA,  AND  CALCULATED  RESULTS  for  Farmers, 

Graziers,  Agricultural  Students,  Surveyors,  Land  Agents,  Auctioneers,  &c.  With  % 

New  System  of  Farm  Book-keeping.    Selected  and  Arranged  by  Sidney  Francis. 

Third  Edition,  Revised.    272  pp. ,  waistcoat-pocket  size,  limp  leather,  is.  6d, 

*'  Weighing  less  than  i  os.,  and  occupying  no  more  space  than  a  match  box,  it  contains  a  mass  of 

facts  and  calculations  which  has  never  before,  in  such  nandy  form,  been  obtainable.    Every  opera- 

« inn  on  the  farm  is  dealt  with.    The  work  may  be  taken  as  thoroughly  accurate,  the  whole  of  the 

tables  having  been  revised  by  Dr.  Fream.    We  cordially  recommend  it."— Belts  Weekly  Metunger. 
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The  Management  of  Bees. 

Bees  for  pleasure  and  profit  :  a  Guide  to  the  Manipula- 
tion of  Bees,  the  Production  of  Honey,  and  the  General  Management  of  the  Apiary. 
By  G.  Gordon  Samson.     With  numeroos  Illustrations.     Crown  8vo,  is.  cloth. 

*'  Tne  intending  bee-keeper  will  find  exactly  the  kind  of  information  required  to  enable  him  to  make 
a  succetsful  start  with  his  hives.  The  author  is  a  thoroughly  competent  teacher,  and  his  book  may  be 
commended."— il/i^nvM!^  /Vj/. 

Farm  and  Estate  Book-keeping. 

BOOK-KEEPING    FOR    FARMERS    AND    ESTATE    OWNERS.      A 
Practical  Treatise,  presenting,  in  Three  Plans,  a  System  adapted  for  all  Classes  of 
Farms.    By  Johnson  M.   Woodman,  Chartered  Accountant     Second  Edition^ 
Revised.     Crown  8vo,  3^.  6^.  cloth  boards  ;  or,  2s,  6ei.  cloth  limp. 
''The  volume  is  a  capital  nudy  of  a  roost  important  subiect." — Agricultural  Gazette. 
*'  The  young  fanner,  land  agent,  and  surveyor  will  find  Mr.  Woodman's  treatise  more  than  repay 
its  cost  and  study.*' — Building  News, 

Farm  Account  Book. 

WOODMAN'S  YEARLY  FARM  ACCOUNT  BOOK.  Giving  a  Weekly 
Labour  Account  and  Diary,  and  showing  the  Income  and  Expenditure  under  each 
Department  of  Crops,  Live  Stock,  Dairy,  &c.  &c.  With  Valuation,  Profit  and 
Loss  Account,  and  Balance  Sheet  at  the  end  of  the  Vear.  By  Johnson  M.  Wood. 
MAN,  Chartered  Accountant,  Author  of  **  Bookkeeping  for  Farmers."  Folio* 
Ts.  td,  half-bound. 
*'  Contains  every  requisite  form  for  keeping  farm  accounts  readily  and  accurately.** — Agriculture. 

Early  Fruits,  Flowers  and  Vegetables. 

The  Forcing-Garden  ;  or,  How  to  Grow  Early  Fruits,  Flowers,, 
and  Vegetables.  With  Plans  and  Estimates  for  Building  Glasshouses,  Pits  and 
Frames.    With  Illustrations.     By  Samuel  Wood.    Crown  8vo,  y.  td.  cloth. 

"  A  good  book,  and  fairly  fills  a  place  that  was  in  some  degree  vacant.  The  book  is  written  witl> 
great  care,  and  contains  a  great  deal  of  valuable  teaching.  "^<7ar«rM«rr'  Magazine. 

Qood  Gardening. 

A   PLAIN  Guide  to  Good  Gardening;   or,  How  to  Grow 

Vegetables,  Fruits,  and  Flowers.  By  S.  Wood.  Fourth  Edition,  with  considerable 
Additions,  &c.,  and  numerous  Illustrations.     Crown  8vo,  y.  6d.  cloth. 

"  A  very  good  book,  and  one  to  be  highly  recommended  as  a  practical  guide.  The  practical  direc- 
tions are  excellent." — Athenaum, 

"  May  be  recommended  to  young  gardeners,  cottagers,  and  specially  to  amateurs,  for  the  plain,  simple, 
and  trustworthy  information  it  gives  on  coounon  matters  too  often  neglected.'' — Gardeners*  Ckrtmicle. 

Gainful  Gardening. 

MULTUM-IN-PARVO  GARDENING;  or,  How  to  make  One  Acre  ot 
Land  produce  ;£^62o  a-year,  by  the  Cultivation  of  Fruits  and  Vegetables ;  also. 
How  to  Grow  Flowers  in  Three  Glass  Houses,  so  as  to  realise  ;f  176  per  annum 
clear  Profit.  By  Samuel  Wood,  Author  of  **  Good  Gardening,"  &c.  Fifth  and 
Cheaper  Edition,  revised,  with  Additions.  Crown  8vo,  is,  sewed. 
**  We  are  bound  to  recommend  it  as  not  only  suited  to  the  case  of  the  amateur  and  gentleman's  gar- 
dener, but  to  the  market  grower.*' — Gardeners'  Magazine, 

Gardening  for  Ladies. 

THE  LADIES'  MULTUM-IN-PARVO  FLOWER  GARDEN,  AN[> 
AMATEURS'  Complete  Guide.  With  Illusts.  By  S.  Wood.  Cr.  8vo,  y.  6d,  cloth, 

"This volume  contains  a  good  deal  of  sound,  common-sense  instruction." — Florist. 

**  Full  of  shrewd  hints  and  useful  instructioos,  based  on  a  lifetime  of  experience."— vS'ftf/f  Mam. 

Receipts  for  Gardeners. 

Garden  receipts.     Edited  by  Charles  W.  Quin.     i2mo,  is.  6d. 

cloth  limp. 
"  A  useful  and  handy  book,  containing  a  good  deal  of  valuable  information.'* — Athetutum. 

Market  Gardening. 

MARKET  AND   KITCHEN  GARDENING.     By  Contributors  to  "The 
Garden."     Compiled  by  C.  W.  Shaw,  late  Editor  of  "Gardening  Illustrated." 
i2mo,  ys,  6d,  cloth  boards. 
**  The  most  valuable  compendium  of  kitchen  and  market-garden  work  published."— /0rm#r. 

Cottage  Gardening. 

Cottage  Gardening;    or,  Flowers,  Fruits,  and  Vegetables  for 

Small  Gardens.    By  £.  Hobday.     i2mo,  is.  6d,  cloth  limp. 
"  Contaixu  much  useful  informatioa  at  a  small  charge."— <?/!affMV  Hermiu 
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AUCTIONEERING,   VALUING,   LAND    BUBYEYINa, 

ESTATE  AGENCY,  etc. 

Auctioneer's  Assistant 

THE  APPRAISER,  AUCTIONEER,  BROKER,  HOUSE  AND  ESTATE 
Agent  and  Valuer's  Pocket  Assistant,  for  the  Valuation  for  Purchase,  Sale, 
or  Renewal  of  Leases,  Annuities  and  Reversions,  and  of  property  generally ;  with 
Prices  for  Inventories,  Sec  By  John  Wheeler,  Valuer,  &c.  Sixth  Edition, 
Re-written  and  greatly  Extended  by  C.  NoRRis,  Surveyor,  Valuer,  &c.      Royal 

32mo,  5j.  cloth. 

^ "  A  neat  and  concise  book  of  reference,  containing  an  admirable  and  clearly-amnced  list  of  prices 
for  inventories,  and  a  very  practical  guide  to  determine  the  value  of  furniture,  ftc." — Sititu/ani. 

"Contains  a  large  (quantity  of  varied  and  useful  information  as  to  the  valuation  for  purchase,  sale,  or 
renewal  of  leases,  annuities  and  reversions,  and  of  property  generally,  with  prices  for  iaventorics,  and  a 
guide  to  determine  the  value  of  interior  fittings  and  other  effects.*' — ButUUr. 

Auctioneering, 

AUCTIONEERS  :  THEIR  DUTIES  AND  LIABILITIES.  A  Manual  of 
Instruction  and  Counsel  for  the  Young  Auctioneer.  By  Robert  Squibbs,  Auc- 
tioneer. Second  Edition,  Revised  and  partly  Re-written.    Demy  8vo,  I2s.  6d,  doth. 

•,*  Opinions  of  the  Press. 

"The  standard  text-book  on  the  topics  of  which  it  treats." — Athenaum. 

"  The  work  is  one  of  general  ezccUest  character,  and  gives  much  information  in  a  compendious 
and  satisfactory  ioxm."— Builder. 

*'  May  be  recommended  as  Riving  a  great  deal  of  ioformation  on  the  law  relating  to  auctioneers, 
in  a  very  readable  form." — Law  Jcufnal. 

"  Auctioneers  may  be  congratulated  on  having  so  pleasing  a  writer  to  minister  to  their  special 
needs." — SoUciton'  Journal. 

"  Every  auctioneer  ought  to  possess  a  copy  of  this  excellent  work.** — Ironmamgtr. 

**  Of  great  value  to  the  profession.  .  .  .  We  readily  welcome  this  book  from  the  fact  that  it  treats 
the  subject  in  a  manner  somewhat  new  to  the  profession." — Estates  Gazette, 

Inwood's  Estate  Tables. 

TABLES  FOR  THE  PURCHASING  OF  ESTATES,  FREEHOLD, 
Copyhold,  or  Leasehold;  Annuities,  Advowsons,  &c.,and  for  the  Renewing 

of  Leases  held  under  Cathedral  Churches,  Colleges,  or  other  Corporate  bodies,  for 
Terms  of  Years  certain,  and  for  Lives  ;  also  for  Valuing  Reversionary  Blstates,  De- 
ferred Annuities,  Next  Presentations,  &c. ;  together  vrith  Smart's  Five  Tables  of 
Compound  Interest,  and  an  Extension  of  the  same  to  Lower  and  Intermediate 
Rates.  ByW.  Inwood.  24th  Edition,  with  considerable  Additions,  and  new  and 
valuable  Tables  of  Logarithms  for  the  more  Difficult  Computations  of  the  Interest 
of  Money,  Discount,  Annuities,  &c.,  by  M.  F^dor  Thoman,  of  the  Societe  Credit 
Mobilier  of  Paris.  Crown  8vo,  Si.  cloth. 
**  Those  interested  in  the  purchase  and  sale  of  estates,  and  in  the  adjustment  of  comfwnsatton  cases, 

as  well  as  in  transactions  in  annuities,  life  insurances,  &c.,  will  find  the  present  edition  of  eminent 

service.*'— iJM/iWim^jr. 

*'  *  Inwood's  Tables '  still  maintain  a  most  enviable  reputation.    The  new  issue  has  been  enriched  by 

large  additional  contributions  by  M.  Ftfdor  Thoman,  whose  carefully>arranged  Tables  cannot  fail  to  bie 

of  the  utmost  \xUlily"—AftHt»^  youmai. 

Agricultural  Valuer's  Assistant 

THE  AGRICULTURAL  VALUER'S  ASSISTANT.  A  Practical 
Handbook  on  the  Valuation  of  Landed  Estates ;  including  Rules  and  Data  for 
Measuring  and  Estimating  the  Contents,  Weights  and  Values  of  Agricultural 
Produce  and  Timber,  and  the  Values  of  Feeding  Stuffs,  Manures,  and  Labour ; 
with  Forms  of  Tenant-Right  Valuations,  Lists  of  Local  Agricultuial  Customs, 
Scales  of  Compensation  under  the  Agricultural  Holdings  Act,  &c.  Sec.  By  Tok 
Bright,  Agricultural  Surveyor.     Second  Edition,  mucn  Enlarged.     Crown  Svo, 

c/.  cloth. 

"Full  of  tables  and  examples  in  connection  with  the  valuation  of  tenant-right,  estates,  labour,  con- 
tents and  weights  of  timber,  and  farm  produce  of  all  kinds." — Agricultural  Gazette, 

"  An  eminently  practical  handbook,  full  of  practical  ubies  and  data  of  uadoubted  interest  and  value 
to  surveyors  and  auctioneers  in  preparmg  valuations  of  all  kxaiA%,"— -Farmer, 

Plantations  and  Underwoods. 

Pole  plantations  and  Underwoods:  a  Practical  Hand- 
book on  Estimating  the  Cost  of  Forming,  Renovating,  Improving,  and  Grubbing 
Plantations  and  Underwoods,  their  Valuation  for  Purposes  of  Transfer,  Rental, 
Sale  or  Assessment.  By  ToM  Bright,  Author  of  •*  The  Agricultural  Valuer's 
Assistant,'*  &c.  Crown  Svo,  3^.  6d.  cloth. 
"  To  valuers,  loresters  and  agents  it  will  be  a  welcome  Bid."^North  British  A/fticulturisi, 
"  Well  calculated  to  assist  the  valuer  in  the  discharge  of  his  duties,  and  of  nndonbted  interest 
and  use  both  to  surveyors  and  auctioneers  in  preparing  valuations  of  all  kinds."— /Cm/  Herald, 
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Hudson's  Land  Valuer's  Pocket-Book. 

The    Land   Valuer's   best   assistant  :   Being  Tables  on  a 

very  much  improved  Plan,  for  Calculating  the  Value  of  Estates.     With  Tables  for 
reducing  Scotch,  Irish,  and  Provincial  Customary  Acres  to  Statute  Measure,  &c. 
By  R.  Hudson,  C.E.     New  Edition.    Royal  32mo,  leather,  elastic  band,  4s, 
"  Of  iucalcalable  value  to  the  country  gentleman  and  professional  man." — Farmers*  yourmal. 

Ewart's  Land  Improver's  Pooket-Book. 

THE  Land  Improver's  pocket-book  of  FoRMUL>e,  tables, 

AND    Memoranda   required    in    any    Computation    relating    to  the   Permanent 
Improvement  of  Landed  Property.      By   John    Ewart,    Land    Surveyor   and 
Agricultural  Engineer.     Second  Edition,  Revised.     Royal  32mo,  oblong,  leather, 
gilt  edges,  with  elastic  band,  4s, 
"A  compendious  and  handy  little  volume." — Sptctato*. 

Complete  Agricultural  Surveyor's  Pocket-Book. 

The   Land  Valuer's  and   Land  Improver's  Complete 

Pocket- Book.     Being  the  above  Two  Works  bound  together.     Leather,   with 
strap,  7^.  6d, 

House  Property. 

HANDBOOK  OF  HOUSE  PROPERTY  :  A  Popular  and  Practical 
Guide  to  the  Purchase,  Mortgage,  Tenancy,  and  Compulsory  Sale  of  Houses  and 
Land,  including  the  Law  of  Dilapidations  and  Fixtures :  with  Examples  of  all 
•  kinds  of  Valuations,  Useful  Information  on  Building  and  Suggestive  Elucidations 
of  Fine  Art.  By  £.  L.  Tarbuck,  Architect  and  Surveyor.  Fifth  Edition, 
Enlarged.  i2mo,  5^.  cloth. 
"The  advice  is  thoroughly  practical."— ^<xw  yonmal. 

**  For  all  who  have  dealings  with  house  property^  this  Is  an  indispensable  guide.*' — Decoration, 
**  Carefully  brought  up  to  date,  and  much  improved  by  the  addition  of  a  division  on  Fine  Art. 
«    .    .    .    A  well-written  and  thoughtful  work." — Land  Agent* s  Record. 


LAW   AND   MISCELLANEOUS. 
Private  Bill  Legislation  and  Provisional  Orders. 

HANDBOOK    FOR    THE    USE    OF   SOLICITORS  AND    ENGINEERS 

Engaged  in  Promoting  Private  Acts  of  Parliament  and  Provisional  Orders,  for  the 
authorization  of  Railways,  Tramways,  Works  for  the  Supply  of  Gas  and  Water,  and 
other  undertakings  of  a  like  character.  By  L.  Livingston  Macassey,  of  the 
Middle  Temple,  Barrister-at-Law,  and  Member  of  the  Institution  of  Civil  Engineers  ; 
Author  of  **  Hints  on  Water  Supply."  Demy  8vo,  950  pp.,  25*.  cloth. 
"  The  author's  double  experience  as  an  engineer  and  barrister  hjis  enabled  him  to  approach  the 
subject  alike  from  an  engineering  and  legal  point  of  view.  "-~Z>^a/  GovemmeHt  ChroKicle, 

Law  of  Patents. 

Patents  for  Inventions,  and  How  to  Procure  them. 

Compiled  for  the  Use  of  Inventors,  Patentees  and  others.     By  G.  G.  M.  Harding- 
HAM,  Assoc.  Mem.  Inst.  C.E.,  &c.    Demy  8vo,  is.  6</.  cloth. 

Labour  Disputes. 

INDUSTRIAL  CONCILIATION  AND  ARBITRATION:  An  Historical 
Sketch,  with  Practical  Suggestions  for  the  Settlement  of  Labour  Disputes.  By 
J.  S.  Jeans,  Author  of  **  Railway  Problems,"  "England's  Supremacy,'*  &c. 
Crown  8vo,  200  pp.,  2j,  6d.  cloth.  [Just published. 

Pocket-Book  for  Sanitary  Officials. 

The  health  Officer's  POCKET-BOOK  :  A  Guide  to  Sani- 
tary Practice  and  Law.  For  Medical  Oflicers  of  Health,  Sanitary  Inspectors, 
Members  of  Sanitary  Authorities,  &c.  Bv  Edward  F.  Willoughby,  M.D. 
(Lond.),  &c..  Author  of  *'  Hygiene  and  Public  Health."  Fcap.  8vo,  7^.  &/.,  cloth, 
red  edges,  rounded  comers.  [Just  puhlished. 

*'  a  mine  of  condensed  information  of  a  pertinent  and  useful  kind  on  the  various  subjects  of 
which  it  treats.  The  matter  seems  to  have  oeen  carefully  compiled  and  arranged  for  facility  of 
reference,  and  it  is  well  illustrated  by  diagrams  and  woodcuts.  The  different  subjects  are  succinctly 
but  folly  and  scientifically  dealt  witn."— -TA«  Lancet, 

**  Ought  to  be  welcome  to  those  for  whose  use  it  is  designed,  since  It  practically  boils  down  a 
reference  library  into  a  pocket  volume.  ...  It  combines,  with  an  unconmion  degree  of  efficiency, 
the  qualities  of  accaracy,  conciseness  and  comprehensiveness." — Scotsman, 

"An  excellent  publication,  dealing  with  the  scientific,  technical  and  legal  matters  coi^^ected 
with  the  duties  of  medical  officers  of  health  and  sanitary  nspectors.  The  work  Is  replete  with 
information."— Loca/  Government  Journal. 


4$  CROSBY  LOCKWOOD  &»  SON'S  CATALOGUE. 

A  Complete  Epitome  of  the  Lawe  of  this  Country. 

Every  MAN'S  Own  lawyer  :  A  Handy-Book  of  the  Principles 
of  Law  and  Equiif.  By  A  Barrister.  Thirty-first  Edition,  carefully  Revised, 
and  including  the  Legislation  of  1893.  Comprising  (amonisist  other  Acts)  Uie 
Voluntary  Ctmvtyaftcts  Act^  1893  ;  the  Marrud  IVomttCi  Property  Act,  1893 1 
the  Trusts  Act,  1893 ;  the  Savings  Bank  Act,  1893  ;  the  Barbed  Wire  Aci^  1893  r 
the  Industrial  and  Provident  Societies'  Act,  1893  ;  the  Hours  0/  Labour  of  Rail'wcfy 
Servants  Act,  1893;  the  Fertiliser  and  Feeding  Stuffs  Act,  1893,  c^»  **  wdl 
as  the  Betting  and  Loans  (JnfatUs)  Act,  1892;  the  Gaming  Act,  1892  ;  tbe^'^^^ 
Hours  Act,  1892  ;  the  Conveyancing  and  Real  Property  Act,  1892  ;  the  Small  Hold- 
ings Act,  1892  ;  and  many  other  new  Acts.  Crown  8vo,  700  pp.,  price  6;.  8^  (saved 
at  every  consultation  ! ),  strongly  bound  in  cloth.  \jh^  published^ 

*,  •  The  Book  will  be  found  to  comprise  (amongst  other  mattery— 
Thb  Rights  and  Wrongs  of  Individuals — LanajIjOrd  and  Tenant — 
Vendors  and  Purchasers— Partners  and  Agents — ^Companies  and  Associa- 
tions—Masters,.  Servants  AND  Workmen— Leases  and  Mortgages — ^Libbl 
and  Slander— Contracts  and  Agreements— Bonds  and  Bills  of  Sale — 
Cheques,  Bills  and  Notes— Railway  and  Shipping  Law— Bankruptcy  and 
Insurance — Borrowers,  Lenders  and  Sureties— Criminal  Law — Parlia- 
mentary Elections— County  Councils— Municipal  Corporations — Parish 
Law,  Churchwardens,  etc.— Public  Health  and  Nuisances — Copyright  and 
Patents — Trade  Marks  and  Designs — Husband  and  Wife,  Divorce,  etc. — 
Trustees  and  Executors — Guardian  and  Ward,  Infants,  etc.— Game  Laws 
and  Sporting — Horses,  Horse- dealing  and  Dogs — Innkeepers,  Licensing^ 
ETC. — Forms  of  Wills,  Agreements,  etc.  etc. 

us-  The  object  of  this  work  is  to  enable  those  who  consult  it  to  help  themselves  U 
the  law  ;  and  thereby  to  dispense^  as  far  as  possible,  with  professioncU  assistance  ama 
advice.  There  are  many  wrongs  and  grievcmces  which  persons  submit  to  from  time  to 
time  through  not  knowing  how  or  where  to  apply  for  redress  ;  and  many  persons  have  as 
great  a  dread  of  a  lawyer's  office  as  of  a  lion's  den.  With  this  book  at  hand  it  is  believed 
that  many  a  Six-and-£ightpence  may  be  saved ;  many  a  wrong  redressed ;  many  a 
right  reclaimed  ;  many  a  law  suit  avoided ;  and  many  an  evil  abated.  The  work  ka^ 
established  itself  as  the  standard  legal  adviser  of  all  classes,  and  has  also  made  a  reputa- 
tion for  itself  as  a  useful  book  of  reference  for  lawyers  residing  at  a  distance  from  kn» 
libraries,  who  are  glad  to  have  at  hand  a  work  embodying  recent  decisiotu  and  enactments, 

•»•  Opinions  of  the  Press. 

"  It  is  A^m^jelx^i^^nfKrjMJji^y^w  wriitea  in  plain  language,  which  all  can  understoiid.    .    .     . 

Should  be  mitMTa!aSA^rtvery^^^^^uk,  and  all  who  wish  to  abolish  lawyers'  bills." — IVeeify  Ti$mes. 

*' AuMfn^n^onds^pitom^^helaw.  compilol  with  considerable  care. '*—£«»  MagmMiHe. 

*<  Acomplete^igeToinSe^ost  useful  facts  which  constitute  English  Uw."^^/o6r. 

** This  excellent  handbook.  .  .  .  Admirably  done,  admir;tblv  arranged,  and  admlrabW  cheap.** — 
Ltedi  Mercury,  -^^^^— ^^— ■^— ^^— ■^— ■^■^— ^^— --i— 

"A  concise,  cheap,  and  complete  epitome  of  the  Eaglish  law.     So  plainly  written  that  he  whorons 
ma^r^d^in^b^NrfaQMnead^nMrunderstand/' — Fii^aro.  mm^^^^^^ 

^^*^niCTona^M>negarfact^yein>iiMogether.    The  book  is  a  very  useful  one." — Spectator, 

*'  A  woric  whicb  has  long  been  wanted,  wnich  is  thoromhlv  well  done,  and  which  we  most  cordial] j^ 
recommend." — Sttnday  Times. 

**  The  latest  edition  of  this  popular  book  ought  to  be  in  every  business  establishment,  and  on  every 
library  \%\AK."-'Ske0Uld  Post. 

^^^'Acomplete  epitome  of  the  law;  Ihorooghly  intelligible  to  non-professional  renders."— 'Bf/Ts 
Lift. 

Legal  Quide  for  Pawnbrokers. 

THE  PAWNBROKERS',  FACTORS'  AND  MERCHANTS' GUIDE  TO 
THE  Law  of  Loans  and  Pledges.  With  the  Statutes  and  a  Digest  of  Cases.  By 
H.  C.  FoLKARD,  Esq.,  Barrister-at-Law.     Fcap.  8vo,  3J-.  6d,  cloUu 

The  Law  of  Contracts. 

Labour  Contracts  :  a  Popular  Handbook  on  the  Law  of  Con- 
tracts for  Works  and  Services.  •  By  David  Gibbons.  Fourth  Edition,  with  Appendix 
of  Statutes  by  T.  F.  Uttley,  Solicitor.    Fcap.  8vo,  3^.  6d.  cloth. 

The  Factory  Acts. 

Summary  of  the  Factory  and  Workshop  Acts  (i878-t89i>. 

For  the  Use  of  Manufacturers  and  Managers.  By  Emilb  Garckk  and  J.  M. 
Fells.    (Reprinted  from  **  Factory  Accounts.")    Crown  8vo,  6d.  sewed. 


WitaU'a  Mulrimentars  Series. 

Jonion,  1862, 

THE     PRIZE     MEDAL 
^  "WEALE'3     SERIES." 


A    NEW    LIST    OF 

WEALE'S   SERIES 

OF 

RUDIMENTARY  SCIENTIFIC  WORKS. 

tm  "  WEALE'S  SERIES  includes  Text-Books  on  almosl  every  branch  of  Science 
And  Industry,  comprising  such  subjects  u  Agriculture,  Architecture  and  Building,  Civil 
Engineering,  Fine  Arts,  Mechanics  and  Mechanical  Engineering,  Physical  and  Chemical 
Science,  and  many  miscellaneous  Treatises,  The  whole  are  constantly  undcrgoinB  tevi- 
■ion,  and  new  editions,  brought  up  to  the  latest  discoveries  in  scientific  research,  are 
constantly  issued.  The  prices  at  which  they  are  sold  are  as  low  as  their  excellence  is 
*i»<3xed,"~AmericaH  IMerary  Cattle. 

"Amongst  the  literature  of  technical  education,  Weale's  Series  has  ever  enjoyed 
a  high  repuution,  and  the  additions  twing  made  by  Messrs.  Crosby  Lockwood  &  Soli 
render  the  series  even  more  complete,  and  bring  the  information  upon  Ihe  (everal  sabjects 
down  to  the  present  lime."- — Mining  Journal. 

"  Any  persons  wishing  to  acquire  knowledge  cannot  do  better  than  look  ihrougb 
Weale's  Series  and  get  all  the  books  they  require.  The  Series  is  indeed  an  inexhaus- 
tible mine  of  literary  wealth." — The  Mdropflilan. 

"Wealb's  Series  has  become  a  standard  as  well  as  an  unrivalled  collection  ot 
treatises  in  all  branches  of  ait  and  science." — Publit  Opinion. 

"  The  excellence  ot  Weale's  Series  is  now  so  well  appreciated  thai  it  would  be 
wasring  our  space  to  enlarge  upon  their  general  usefulness  and  value." — Buitdtr. 

"It  is  not  loo  much  to  say  that  no  books  have  ever  proved  more  popular  with  cr 
more  useful  to  young  engineers  and  others  than  Ihe  excellent  treatises  comprised,  in 
Weale's  Series."— £n£>>wo-. 

"  The  volumes  of  Weale's  Series  form  one  of  the  best  collections  of  elementar7 
technical  books  in  any  language." — ArchilKt. 

"  A  collection  of  technical  raaotuils  which  is  unrivilied."—  W«k!y  Diipatck. 

j^hilalitlphta,  1876, 

THE      PRIZE      M  EDAL 

Wai  anrdid  to  ibc  Fubliihcra  Tor 

Books :   Rudimentary  Scientific, 
'■WEALE'S  SERIES,"  Ac. 

CROSBY    LOCKWOOD    &    SON, 

7,  STATIONERS'  HALL  COURT,  LUDCATE  HILL,  LONDON,  EC.  ' 
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WEALE'S  RUDIMENTARY  SCIENTIFIC  SERIES. 

%•  The  volumes  of  this  Series  are  freely  Illustrated  with  Wood- 
cuts, or  otherwise,  where  requisite.  Throughout  the  following  List  it  must 
be  understood  that  the  books  are  bound  in  limp  cloth,  unless  otherwise 
stated  ;  but  the  volumes  marked  with  a  X  ^^y  ^^^  ^  ^^  strongly  howU 
in  cloth  boards  for  6d,  extra. 

N.B. — Ih  ordering  from  this  List  it  is  recommended^  as  a  means  ef 
facilitating  business  and  obviating  error,  to  quote  the  nnm^rs  a  fixed  to  the 
volumes,  as  well  as  the  titles  and  prices. 


CIVIL    ENGINEERING,    etc. 
3x.  WELLS  AND  WELL-SINKING.  By  John  Geo.  Swindell, 

A.R.I.B.A.,  and  G.   R.  Burnell,  C.E.     Revised  Edition.    With  a  New 

Appendix  on  the  Qualities  of  Water.    Illustrated a'o 

*'  Solid  practical  infermatioD,  written  in  a  concise  and  lucid  style*    The  work  can  be  recomiaciided 
as  a  text-book  for  all  turveyors,  architects,  &c.'' — Iron  and  Coal  Trades  Rtvinv. 

35.  THE    BLASTING   AND    QUARRYING    OF    STONE. 

for  Building  and  other  Purposes.     With  Remarks  on  the  Blowing  up  of 
Bridges.     By  Gen.  Sir  J.  Burgoyne.  K.C.B. 1/6 

43.  TUBULAR  AND  OTHER  IRON  GIRDER  BRIDGES. 

describing  the  Britannia  and  Conway  Tubular  Bridges.  With  a  Sketch  of 
Iron  Bridges,  &c.     By  G.  Drysdale  Dempsey,  C.E.    Fourth  Edition        .  ^o 

^  FOUNDATIONS  AND  CONCRETE  WORKS.  WithPrac 

tical  Remarks  on  Footings,  Planking,  Sand,  Concrete,  B^ton,  Pile^riving, 
Caissons,  and  Cofferdams.    By  E.  Dobson,  M.R.I.B.A.    Seventh  Edition     .  i/^ 

60.  LAND    AND    ENGINEERING    SURVEYING.        For 

Students  and  Practical  Use.  By  T.  Baker,  C.E.  Fifteenth  Edition, 
revised  and  corrected  by  J.  R.  Young,  formerly  Professor  of  Mathematics, 
Belfast  College.    Illustrated  with  Plates  and  Diagrams 3/o» 

80-.  EMBANKING  LANDS  FROM  THE  SEA.  With  Examples 

and  Particulars  of  actual  Embankments.  &c.    By  John  Wiggins,  F.G.S.     .  a/o 

81.   WATER  WORKS,  for  the  Supply  of  Cities  and  Towns.    With 

a  Description  of  the  Principal  Geological  Formations  of  England  as  influencing 
Supplies  of  Water ;  and  Details  of  Engines  and  Pumping  Machinery  for 
raising  Water.    By  Samuel  Hughes,  F.G.S.,  C.E.    Enlarged  Edition  .        .  4/^"^ 

'*  Every  one  who  it  debatinir  how  hit  village,  town,  or  city  shall  be  plentifully  supplied  with  porr 
water  should  read  this  \iOo\i."—NruKastle  Courant, 

1x7.  SUBTERRANEOUS  SURVEYING.  By  Thomas  Fen- 
wick.  Also  the  Method  of  Conductinj;  Subterraneous  Surveys  without  the  use 
of  the  Magnetic  Needle,  and  other  modem  Improvements.  ByT.  Baker.  C.E.  a/^I 

„8.   CIVIL  ENGINEERING    IN  NORTH  AMERICA,  A 

Sketch  of.    By  David  Stevenson,  F.R.S.E.,  &c.    Plates  and  Diagrams.    .  sjo 

167.  A  TREATISE  ON  THE  APPLICATION  OF  IRON  TO 

THE    CONSTRUCTION   OP  BRIDGES,     ROOFS,   AND    OTHER 

WORKS     By  Francis  Campin,  C.E.    Fourth  Edition a-^J 

*'  For  numbers  01  young  engineers  the  book  is  just  the  cheap,  handy,  first  guide  they  waaL**" 
MiddUsbroHgh  IVtekly  News.     "  Remarkably  acctunte  and  well  written." — Artisan. 

zyj.ROA DS  AND  STREETS  ( THE  CONSTR UCTION  OF ), 
in  Two  Parts :    I.  The  Art  op  Constructing  Common  Roads,  by  H. 
Law,  C.E.,  Revised  by  D.  Kinnear  Clark,  C.E.;  II.  Recent  Practice: 
Including  Pavements  of  Stone,  Wood,  and  Asphalte.     By  D.  K.  Clark,  C.E.  4/^t 
'*  A  book  which  every  borough  surveyor  and  engineer  must  possess,  and  which  will  be  of  consideraUe 

service  to  architects,  builders,  and  property  owners  generally.'* — Building  Sews. 

^,  SANITARY    WORK    IN   THE    SMALLER    TOWNS 

AND  IN  VILLAGES.    By  CHARLES  Slagg,  Assoc.  M.  Inst.  C.E.  Second 
Edition,  enlarged ^o\ 

"This  is  a  very  useful  book.    There  is  a  great  deal  of^nrk  required  to  be  done  in  the  smallei  tovB^ 
4Md  villages,  .nnd  this  little  volume  will  help  those  who  are  willing  to  do  it.*'— Bniider. 

tsr  The  t  indicates  that  these  vols,  may  be  had  strongly  bound  at  6d.  extra. 
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Civil  Engineering,  etc.,  continued. 

ai2.  THE  CONSTRUCTION  OF  GAS  WORKS,  and  the  Manu- 
facture and  Distribution  of  Coal  Gas.    By  S.  Hughes,  C.E.     Re-written  by 
William  Richards,  C.E.    Eighth  Edition,  with  important  Additions         .  5/6t 
'^ill  be  of  infinite  service  alike  to  manufacturers,  distributors,  and  consumers.'* — Fortman  Engineer, 

ai3.  PIONEER  ENGINEERING:  A  Treatise  on  the  Engineering 

Operations  connected  with  the  Settlement  of  Waste  Lands  in  New  Countries. 
By  Edward  Dobson,  A.I.  C.E.    With  numerous  Plates.    Second  Edition  .  4/6I 
"  Mr.^  Dobson  is  familiar  with  the  difficuldes  which  have  to  be  overcome  in  this  class  of  work,  and 
snuch  of  his  advice  will  be  valuable  to  young  engineers  proceeding  to  our  colonies." — Engineering. 

,16.  MATERIALS   AND    CONSTRUCTION:    A  Theoretical 

and  Practical  Treatise  on  the  Strains,  Designing,  and  Erection  of  Works  c/f 
Construction.    By  Francis  Campin.  C.E.  Second  Edition,  carefully  revised,  ^/oj 
*'  No  better  exposition  of  the  practical  application  of  the  principles  of  construction  has  yet  beep 
published  to  our  knowledge  in  such  a  cheap  comprehensive  form." — Building  News, 

ai9.  CIVIL  ENGINEERING.     By  Henry  Law,  M.  Inst.  C.E. 
Including  a  Treatise  on  Hydraulic  Engineering  by  G.   R.  Burnell, 
M.I.C.E.     Seventh  Edition,  revised,  with  Largb  Additions  on  Reci^nt 
Practice  by  D.  Kinnear  Clark.  M.  Inst.  C.E.    6s.  6d„  cloth  boards      .  7/6 
"  An  admirable  volume,  which  we  warmly  recommend  to  young  engineers." — Builder, 

a6o.  IRON  BRIDGES  OF  MODERATE  SPAN:  Their  Con- 
struction and  Erection.    By  Hamilton  Weldon  Pbndrbd,  late  Inspector  of 
Ironwork  to  the  Salford  Corporation.    With  40  Illustrations    .        .        .        .  a/o 
"  Students  and  engineers  should  obtain  thb  book  for  constant  and  practical  useJ'^C^Uiery  Guardian 

2«'  THE  DRAINAGE  OF  LANDS,  TOWNS,  AND  BUILD- 

INGS.  By  G.  D.  Dbmpsby,  C.E.  Revised,  with  large  Additions  on  Recent 
Practice  in  Drainage  Engineering,  by  D.  Kinnear  Clark,  M.I.C.E.  Second 
Edition,  corrected 4/61 


MECHANICAL  ENGINEERING,  etc. 

33,  CRANES,  the  Construction  of,  and  other  Machinery  for  Raising 

Heavy  Bodies  for  the  Erection  of  Buildings,  Ac.    By  Joseph  Glynn,  F.R.S.  1/6- 

34.  TIfE  STEAM  ENGINE.    By  Dr.  Lardner.     Illustrated  .  1/6 
59.  STEAM  BOILERS':  Their  Construction  and  Management, 

By  R.Armstrong.  C.E.    Illustrated .1/6 

*'  A  mass  of  information  suitable  lor  beginners." — Design  and  Work, 

8a.  THE  POWER  OF  WATER,  as  applied  to  drive  Flour  Mills, 

and  to  give  motion  to  Turbines  and  other  Hydrostatic  Engines.    By  Joseph 
Glynn,  F.R.S.,  &c.    New  Edition,  Illustrated 2/0 

98.  PRACTICAL  MECHANISM,  and  Machine  Tools.     By  T. 

Bakbr,  C.E.    With  Remarkson  Tools  and  Machinery,  by  J.  Nasmyth,  C.E.  2/6 

,30.  THE  STEAM  ENGINE,   a  Treatise  on  the  Mathematical 

Theory  of,  with  Rules  and  Examples  for  Practical  Men.     By  T.  Baker,  C.E.  1/6 
"  Teems  with  sdenufic  information  in  reference  to  the  steam-engine.— i?*«i»  and  Work. 

164.  MODERN  WORKSHOP  PR  A  CTICE,  as  applied  to  Marine, 

Land,  and  Locomotive  Engines,  Floating  Docks,  Dredging  Machines,  Bridges, 
Ship-building,  &c.      By  J.  G.  Winton.     Fourth  Edition,  Illustrated  .  .  3/6^ 

"Whether  for  the  appiendce  determined  to  master  his  profession,  or  for  the  artisan  bent  upon  raisinj^ 
himself  to  a  higher  position,  this  clearly  written  and  practical  treatise  will  be  a  great  help."— ^c^/^miCM. 

165.  IRON  AND  HEAT,  exhibiting  the  Principles  concerned  in  the 

Construction  of  Iron  Beams,  Pillars,  and  Girders.     By  J.  Armour,  C.E.     .  a/6 
**  A  very  useful  and  thoroughly  practicsd  litUe  volume."'— A/miVii'  JoumaL 

166.  POWER  IN  MOTION:  Horse-power  Motion,  Toothed-Wieel 

Gearing,  Long  and  Short  Driving  Bands,  Angular  Forces,  &c.     By  Jakes 

Armour,  C.E.    With  73  Diagrams.    Third  Edition 2/0^ 

**  The  value  of  the  knowledge  imparted  cannot  well  be  over-estimated."— JV(fTMf«*/^  Weekly  Ckrom. 

„x.  THE    WORKMAN'S  MANUAL    OF  ENGINEERING 

DRA  WING.     By  John  Maxton,   Instructor  in  Engineering  Drawing. 
Royal  Naval  College,  Gresnwich.  Seventh  Edition.   000  Plates  and  Diagrams  36} 
"  A  copy  of  it  should  be  kept  for  reference  in  every  drawing  ofHtc^'^Engitutring. 

•  »^  The  X  indicates  that  these  vols,  v  a/  be  kad  strongly  bound  at  61,  extnn. 
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Mechanical  Engineering,  etc.,  continued. 

X90.  STEAM  AND  THE  STEAM  ENGINE,  Stationary  and  Port- 

able,  An  Elementary  Treatise  on.    Being  an  Extension  of  the  Treatise  on 
the  Steam  Engine  of  Mr.  J.  Sewell.   By  D.  K.  Clark,  C.E.  Third  Edition  3/6t 
"Every  essential  part  of  the  subject  is  treated  of  compeCeatly,  and  in  a  popular  style."— TinMi, 

«».  FUEL,  ITS  COMBUSTION  AND    ECONOMY.    Con- 

sisting  of  an  Abridgment  of  "  A  Treatise  on  the  Combustion  of  Coal  and  the 
Prevention  of  Smoke."  By  C.  W.  Williams.  A.I.C.E.  With  extensive 
Additions  by  D.  Kinnear  Clark,  M.  Inst.  C.E.    Third  Edition,  corrected  s/St 

.    "  Students  should  buy  the  book  and  read  it.  as  one  of  the  most  complete  and  satisfisctory  treatises  oa 
the  combustion  and  economy  of  fuel  to  be  had." — Ettgineer. 

902.  LOCOMOTIVE    ENGINES,  A   Rudimentary  Treatise  on. 

By  G.  D.  Dempsey,  C.E.    With  large  Additions  treating  of  the  Modem 
Locomotive,  by  D.  K.  Clark,  M.  Inst.  C.E.    With  numerous  Illustrations    .  ^X 
"A  model  of  what  an  elementary  technical  book  should  be." — Acmdemy. 

2iu  THE  BOILERMAKER'S  ASSISTANT  in  Drawing,  Tern- 

plating,  and  Calculating  Boiler  Woric,  &c.  By  J .  Courtney,  Practical  Boiler- 
maker.   Edited  by  D.  K.  Clark,  C.E.    Third  Edition,  revised  .        .  a/o 

"  With  very  great  care  we  have  gone  throuch  the  '  Boilermaker's  Assistant,'  and  have  to  say  that  it 
has  our  unqualified  approval.    Scarcely  a  point  has  been  omiVLtA." —FcrnmMH  Emgitutr. 

217.  SEWING   MACHINERY:  Its  Construction,   History,  &c. 

With  full  Technical  Directions  for  Adjusting,  &c.   By  J.  W.  Urquhart,  C.E.  9A> 

"  A  full  description  of  the  principles  and  construction  of  the  leading  machines,  and  minute  instruc- 
tions as  to  their  management."— kS'^/nwoM. 

aas  MECHANICAL  ENGINEERING.  Comprising  Metallurgy, 

Moulding.Casting.Foiging. Tools.  Workshop  Machinery,  Mechanical  Manipufai- 
tion.  Manufacture  of  the  Steam  Engine,  &c.    By  Francis  Campin,  C.£.        .  a/6t 
"  A  sound  and  serviceable  text*book,  quite  up  to  date.'* — Building  Ntws. 

236.  DETAILS  OF  MACHINERY.    Comprising  Instructions  for 

the  Execution  of  various  Works  in  Iron  in  the  Fitting-Shop,  Foundry,  and 

Boiler-Yard.    By  Francis  Campin,  C.E 3/0I 

"A  sound  and  practical  handbook  for  all  engaged  in  the  engineering  trades.*'— ^at/A/uif  ^«rid, 

^yj,  THE  SMITHY  AND  FORGE,  including  the  Farrier's  Art 

and  Coach  Smithing.    By  W.  J.  E.  Crane.    Second  Edition,  revised    .        .  2/6^ 

"The  first  modem  English  book  on  the  subject.    Great  pains  have  been  bestowed  by  the  auibor 
upon  the  book  :  shoeinj;  smiths  wilt  find  it  both  useful  and  interesting.** — Buildrr, 

338.  THE  SHEETMETAL  WORKER'S  GUIDE:  A  Practical 

Handbook  for  Tinsmiths,  Coppersmiths,  Zincworkers.  &c.,  with  46  Diagrams 
and  Working  Patterns.    By  W.  J.  E.  Crane  .    Second  Edition,  rerised.         .  r/6 

**  The  author  has  acquitted  himself  with  considerable  tact  in  choosing  his  examples,  and  with  no 
less  ability  in  treating  them."— /'/wm^rr. 

,5,  STEAM  AND  MA  CHINE R  Y  MANA  GEMENT:  A  Guide 

to  the  Arrangement  and  Economical  Management  of  Machinery,  with  Hints 
on  Construction  and  Selection.    By  M.  Powis  Bale,  M.Inst.M.E.        .       .  9/6^ 

"Of  high  practical  value." — Colliery  GuardiaH* 

"Gives  the  results  of  wide  experience." — Lhyd^s  Nrws^^er, 

,54.  THE  BOILERMAKER'S  READY  RECKONER,  with 

Examples  of  Practical  Geometry  and  Templating  far  the  Use  of  Platers,  Smith«. 
and  Riveters.  By  Tohn  Courtney.  Edited  by  D.  K.  Clark,  M.I.C.E. 
Second  Edition,  revised,  with  Additions 4/0 

*,•  Nos,  211  and  254  in  One  Vol.,  half-bound,  entitled  "The  Boilermaker's  Ready- 
Reckoner  AND  Assistant."    By  J.  Courtney  and  D.  K.  Clark.    Price  75. 
"  A  most  useful  work.    No  workman  or  apprentice  should  be  without  it."— /rms  Trade  Ctrmldr. 

^,55.  LOCOMOTIVE  ENGINE-DRIVING,    A  Practical  Manual 

for  Engineers  in  charge  of  Locomotive  Engines.  By  Michael  Reynolds, 
M.S.E.     Eighth  Edition.    31.  td.  Ump  ;  cloth  boutls 4/6 

"  We  can  confidently  recommend  the  book,  not  only  to  the  practical  driver,  but  to  everyone  wbo 
takes  an  interest  in  the  performance  of  locomotive  engines. — The  Enginetr. 

2:6.  STATIONARY  ENGINE-DRIVING.    A  Practical  Manual 

for  Engineers  in  charge  of  Stationary  Engines.    By  Michael  Reynolds, 

M.S.E.    Fourth  Edition.    31.  6</.  limp :  cloth  boards 4/6 

**  The  author  is  thoroughly  acquainted  with  his  subjects,  and  has  produced  a  »««^nMBT  which  is  an 
«i(eeedingly  useful  one  for  the  class  for  whom  it  is  specially  intended." — Enginetrimg, 

The  X  indicates  that  these  vols,  may  be  had  strongly  bound  at  6d.  exfru. 
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MINING,  METALLURGY,  etc. 
4.  MINERALOGY,   Rudiments  of.      By  A.   Ramsay,   F.G.S. 

Third  Edition,  revised  and  enlarged.     Woodcuts  and  Plates   .        .        .        •  3  6^ 
"  The  author  throughout  has  displayed  an  intimate  knowledge  of  his  subject,  and  great  facility  in 
imparting  that  knowledge  to  others.    The  book  is  of  great  utility/'— A/fiwMir  Journal, 

117.  SUBTERRANEOUS  SURVEYING,  with  and  without  the 

Magnetic  Needle.    By  T.  Fenwick  and  T.Baker.  C.E.    Illustrated   .        .  2/6! 

,33.  METALLURGY  OF  COPPER:    An  Introduction  to  the 

Methods  of  Seeking,  Mining,  and  Assaying  Copper.    By  R.  H.  Lamborn.      a/6t 

X35.  ELECTRO-METALLURGY,  Practically  Treated.  By  Alex- 
ander Watt.  Ninth  Edition,  enlarged  and  revised.  With  Additional 
Illustrations,  and  including  the  most  Recent  Processes  \Jyst publishtd,  3/6X 

"  From  thLi  book  both  amateur  and  artisan  may  learn  everything  necessary/* — Iran. 

X7a.  MINING    TOOLS,    Manual  of.      By  William  Morgans, 

Lecturer  on  Practical  Mining  at  the  Bristol  School  of  Mines   ....  2/6 

^^^%,MINING   TOOLS,  ATLAS  of  Engravings  to  Illustrate  the 

above,  containing  235  Illustrations  of  Mining  Tools,  drawn  to  Scale.  4to.        •  4/6 

"  Students,  Overmen,  Captains,  Managers,  and  Viewers  may  gain  practical  knowledge  and  useful 
hints  by  the  study  of  Mr.  Morgans*  Manual.**— C^Z/xWy  Guardian, 

X76.  METALLURGY  OF  IRON    Containing  History  of  Iron 

Manufacture,  Methods  of  Assay,  and  Analyses  of  Iron  Ores,  Processes  of  Manu- 
facture of  Iron  and  Steel.  &c.  By  H.  Bauerman,  F.G.S.,  A.R.S.M.  With 
numerous  Illustrations.    Sixth  Edition,  levised  and  enlarged  ....   5/ot 

"  Carefully  written,  it  has  the  merit  of  brevity  and  conciseness,  as  to  less  important  points ;  while  all 
material  matters  are  very  fully  and  thoroughly  entered  into.*' — Standard. 

180.  COAL  AND  COAL  MINING,    A  Rudimentary  Treatise  on. 

By  the  late  Sir  Warington  W.Smyth,  M. A.,  F.R.S.,  Ac.  Chief  Inspector 
of  the  Mines  of  the  Crown.    Seventh  Edition,  revised  and  enlarged  •    S'^X 

"  Every  portion  of  the  volume  a{>pears  to  have  been  prepared  with  much  care,  and  as  an  outline  is 
given  of  every  known  coal-field  in  this  and  other  countries,  as  well  as  of  the  two  principal  methods  of 
working,  the  book  will  doubtless  interest  a  very  large  number  of  readers/' — Mining  Journal, 

,95.  THE  MINERAL  SURVEYOR  AND  VALUER'S  COM- 
PLETE GUIDE,  Comprising  a  Treatise  on  Improved  Mining  Surveying 
and  the  Valuation  of  Mining  Properties,  with  New  Traverse  Tables.  By  wT 
Lintern,  Mining  and  Civil  Engineer.  Third  Edition,  with  an  Appendix  on 
Magnetic  and  Angular  Surveying,  with  Records  of  the  Peculiarities  of  Needle 
Disturbances.  With  Four  Plates  of  Diagrams,  Plans,  ftc.  ....  3/6{ 
*'  Contains  much  valuable  information,  and  is  thoroughly  trustworthy  ** — Iron  &*  Coal  Tmdet  Revi4w* 

214.  SLATE  AND  SLATE  QUARRYING,  Scitnii^c,  Practif:al, 

and  Commercial.    By  D.  C.  Da  vies.  F.G.S. ,  Mining  Engineer,  &c.    With 
numerous  Illustrations  and  Folding  Plates.    Third  Edition     ....   3/0^ 
"One  of  the  best  and  best-balanced   treatises  on  a  special  subject  that  we  have  met  with."— 
£neineer, 

264.  A  FIRST  BOOR^  OF  MINING  AND  QUARR  YING,  with 

the  Sciences  connected  therewith,  for  Primary  Schools  and  Self  Instruction.  By 
].  H.  Collins.  F.G.S..  Lecturer  to  the  Miners'  Association  of  Cornwall  and 

Devon.    S<K:ond  Edition^  with  additions .  1/6 

*'  For  those  concerned  in  schools  in  the  mining  districts,  this  work  is  the  very  thing  that  should  b'e  in 
the  hahds  of  their  schoolmasters."— /r^n. 

ARCHITECT^JREVBuTLbJNG,  etc. 
j6.  ARCIflTECTURE— ORDERS— The    Orders     and     their 

.flsthetic  Principles.    By  W.  H.  Leeds.    Illustrated x/6 

,7.  ARCHITECTURE— STYLES— The  History  and  Descrip- 
tion of  the  Styles  of  Architecture  of  Various  Countries,  from  the  Earliest  to  the 
Present  Period.    By  T.  Talbot  Bury,  F.R.I. B.A.,  Ac.    Illustrated       .       .  a/'o 

%♦  Orders  and  Styles  of  Architecture,  in  One  Vol.,  y,  6d, 

18.  ARCHITECTURE— DESIGN— The  Principles  of  Design  in 

Architecture,  as  deducible  from  Nature  and  exemplified  in  the  Works  of  the 
Greek  and  Gothic  Architects.  By  Edw.  Lacy  Garbktt.  Architect.  Illustrated    2, 6 
"  We  know  no  work  that  we  would  sooner  recommend  to  an  attentive  reader  desirous  to  obtain  clear 
views  of  the  nature  of  architectural  art.    The  book  is  a  valuable  one.*' — Builder. 

%•  Thi  three  preceding  Works  in  One  handsome  Vol,,  half  bound,  entitled  *'  MODERSr 

ARCHITECTURE,"/nV*  6s, 

The  X  indicates  that  these  vols,  may  be  had  strongly  bound  at  6d.  extra. 
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Architecture,  Building,  etc.,  continued, 
M.  THE  ART  OF  BUILDING,  Rudiments  of.     General  Jrin- 

ctples  of  Construction,  Strength  and  Use  of  Materials,  Working  Drawings,  ■ 

Specifications.  &c.     By  Edward  Dobson,  M.R.I. B.A.,&c '•  a/oX 

"  A  good  book  for  practical  knowledge,  and  about  the  best  to  be  obcataed/' — Bmlding  Krtxft, 

^S.  MASONRY  AND  STONE  CUTTING:  The  Principles  of 

Masonic  Projection  and  their  application  to  Construction.     By  E.  Dobson, 
M.R.I. B.A 2/6J 

42.  COTTAGE  BUILDING.    By  C.  Bruce  Allen.    Eleventh 

Ed., with  Chapter  on  Economic  Cottages  for  Allotments,  by  E.  E.  Allen, C.£.  a/o 

45.  LIMES,  CEMENTS,  MORTARS,   CONCRETES,  MAS- 
TICS, plastering,  b^c    By  G.  R.  BURNELL,  C.E.    Thirteenth  Edition  1/6 

57.  WARMING  AND  VENTILATION  of  Domestic  and  Public 

Buildings,  Mines.  Lighthouses,  Ships,  &c.  By  Charles  Tomlinson.  F.R.S.  3/6 

111,  ARCHES,    PIERS,    BUTTRESSES,    &*c.:     Experimental 

Essays  on  the  Principles  of  Construction  in.    By  William  Bland         •        .  z/6 

tie/ THE    ACOUSTICS    OF    PUBLIC    BUILDINGS;     or. 

The  Principles  of  the  Science  of  Sound  applied  to  the  purposes  of  the  Architect 
and  Builder.     By  T.  Roger  Smith,  M.R.I.  B.  A.,  Architect.    Illustrated        .z/6 

,27.  ARCHITECTURAL  MODELLING  IN  PAPER,  The  Art 

of.     By  T.  A.  Richardson.     With  Illustrations,  engraved  by  O.  jEwrrr      .  z/6 
*' A  valuable  aid  to  the  practice  of  architectural  modelling." — £mldtr*t  WetlUy  Rtporitr. 

xa8.  VITRUVIUS—THE  ARCHITECTURE    OF  MARCUS 

VITRUVIUS   POLLO.     In  Ten  Books.    Translated  from  the   Latin  by 

Joseph  GwiLT,  F.S.A.,  F.R.A.S.    With  23  Plates S/o 

N.B. — This  is  the  only  Edition  of  VlTROViUS  frocurablt  at  a  wunierate price. 

130.  GRECIAN  ARCHITECTURE,  An  Inquiry  into  the  Prin- 

ciples  of  Beauty  in  ;  with  an  Historical  View  of  the  Rise  and  Progress  of  the 
Art  in  Greece.    By  the  Earl  of  Aberdeen z/o 

♦»•  The  two  preceding  Works  in  One  handsome  Vol.,  half  bound,  entitled  "Ancient 

Architecture,  "/W«  6j. 

,3a.  DWELLING-HOUSES,  The  Erection  of,  Illustrated  by  a 

Perspective  View,  PLins,  Elevations,  and  Sections  of  a  Pair  of  Villas,  wifh 
the  Specification,  Quantities,  and  Estimates.     By  S.  H.  Brooks.  Architect  .  8/6^ 

zs6.  QUANTITIES  AND  MEASUREMENTS,  in  Bricklayers'. 

Masons',  Plasterers',  Plumbers',  Painters',  Paperhangers',  Gilders',  Smiths', 
Carpenters'  and  Joiners'  Work.     By  A.  C.  Beaton,  Surveyor  .        .z/6 

"  This  book  it  indispensable  to  builders  and  their  quantity  clerks.*' — EngUsh  MeckAnic. 

Z7S.  LOCKWOOD'S  BUILDER'S  PRICE  BOOK  FOR  1894. 

A  Comprehensive  Handbook  of  the  Latest  Prices  and  Data  for  Builders, 
Architects,  Engineers,  and  Contractors,  Re-constructed,  Re>wriiten,  and 
greatly  Enlarged.    By  Francis  T.  W.  Miller,  A.R.I.B.A.    700  pages.    .  s/^t 

182  CARPENTRY  AND  JOINERY— Th^  Elementary  Prin- 
ciples OP  Carpentry.  Chieflv  composed  from  the  Standard  Work  of 
Thomas  Tredgold,  C.E.  With  Additions,  and  a  TREATISE  ON 
JOINERY  by  E.  W.  Tarn,  M.A.    Fifth  Edition,  Revised  and  Extended      .  3/6t 

z82».  CARPENTRY  AND  JOfNERY.    ATLAS  of  35  Plates  to 

accompany  and  illustrate  the  foregoing  book.  With  Descriptive  Letterpress.  410  6/0 

"  These  two  volumes  form  a  complete  treamiry  of  carpentry  and  joinery,  and  should  be  in  the  haodt 
of  every  carpenter  and  joiner  in  the  empire." — Iron. 

185.  THE  COMPLETE  MEASURER;  setting  forth  the  Measure- 
ment of  Boards,  Glass,  Timber  and  Stone.    By  R.  Horton.    Fifth  Edition .  4^ 
•»•  The  above,  strongly  bound  in  leather,  price  jr. 

,87.  HINTS  TO  YOUNG  ARCHITECTS.    By  George  Wight- 
wick,  Architect,  Author  of  "The  Palace  of  Architecture,"  &c.,  &c.    Fifth 
Edition,  revised  and  enlarged  by  G.   Huskisson  Guillaume.  Architect.  3/6! 
"A  copy  ouffht  to  be  considered  as  necessary  a  purchase  as  a  box  of  instruments.*'— /<rrA<V«-t 

The  X  indicates  that  these  vols,  may  be  had  strongly  bound  at  6d.  extra. 
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Architecture,  Building,  etc.,  continued. 
c8&  HOUSE   PAINTING,  GRAINING,  MARBLING,  AND 

SIGN  WRITING:  With  a  Course  of  Elementary  Drawing,  and  a  Collection 
of  Useful  Receipts.    By  Ellis  A.  Davidson.  Sixth  Edition.    Coloured  Plates  5/0 
•«•  The  above  in  cloth  boards ^  strongly  bound,  6s. 
*'  A  mass  of  information  of  use  to  the  amateur  and  of  value  to  the  practical  main.**'- English  Mechanic* 

,89.  THE  RUDIMENTS  OF  PRACTICAL  BRICKLAYING. 

General   Principles  of  Bricklaying ;  Arch  Drawing,  Cutting,  and   Setting  ; 
Pointing ;  Paving,  Tiling,  &c.     By  ADAM  Hammond.    With  68  Woodcuts    .   i;6 
"  The  young  bricklayer  will  find  it  in6nitely  valuable  to  him." — Glasgow  Herala, 

C91.  PL  UMBING :   A  Text-Book  to  the   Practice  of  the  Art   or 

Craft  of  the  Plumber.  With  Chapters  upon  PIcuse  Drainage  and  Ventilation. 
By  Wm.  Paton  Buchan,  R.  P., Sanitary  Engineer.  Sixth  Edition, revised  and 

enlarged,  with  380  Illustrations 3/6$ 

"  A  text-book  which  may  be  safely  put  into  the  hands  of  every  young  plumber,  and  which  will  also 
€>e  found  useful  by  architects  and  medical  professors." — Builder. 

X92.  THE  TIMBER  IMPORTER'S,  TIMBER  MERCHANT'S, 

AND  BUILDER'S  STANDARD  GUIDE.     By  R.  E.  Grandy    .        .  a/o 
"  Everything  it  pretends  to  be :  built  up  gradually,  it  leads  one  from  a  forest  to  a  treenail,  and  throws 
ftti,  as  a  makeweight,  a  host  of  material  concerning  bricks,  columns,  cisterns,  &c." — English  Mechanic. 

ao6.  A  BOOK  ON  BUILDING,  Civil  and  EcchsiasticaL    By  Sir 
Edmund  Beckett.  Bart.,  LL.D.,  Q.C.,  F.R.A.S.,  Author  of  "Clocks  and 

Watches  and  Bells."  &c.    Second  Edition,  enlarged 4/6J 

"A  book  which  is  always  amusing  and  nearly  always  instructive." — Times. 

aa6.   THE  JOINTS  MADE  AND   USED  BY  BUILDERS. 

By  Wyvill  f .  Christy,  Architect.  With  160  Woodcuts 3/0J 

"The  work  is  deservmi;  of  hiieh  commendation.** — Builder. 

aa8.   THE  CONSTRUCTION  OF  ROOFS,  OF  WOOD  AND 

IRON :  Deduced  chiefly  from  the  Works  of  Robison.  Tredgold,  and  Humber. 
By  E.  Wvndham  Tarn,  M.A.,  Architect.     Second  Edition,  revised       .        .1/6 
"  Mr.  Tarn  is  so  thorouKhty  master  of  his  subject,  that  although  the  treatise  is  founded  on  the  works 
of  others,  he  has  given  it  a  distinct  value  of  hisown.    It  will  be  found  valuable  by  all  students." — BuiLUr, 

229.  ELEMENTARY  DECORATION:  As  applied  to  Dwelling 

Houses,  &c.     By  James  W.  f  acky.     Illustrated -j/o 

"  The  prinaples  which  ought  to  guide  the  decoration  of  dwclKsK-houses  are  clearly  set  forth,  and 
elucidated  by  examples ;  while  full  instructions  are  given  to  the  learner." — Scotsvtan. 

257.  PRACTICAL  HOUSE  DECORATION    A  Guide  to  the 

Art  of  Ornamental  Painting,  the  Arrangemt:nt  of  Colours  in  Apartments,  and 
the  Principles  of  Decorative  Design.    By  James  W.  Facey    .        .        .        .a/6 
•,*  Nos.  229  and  257  in  One  handsome  Vol..  ha If-boundy entitled  "  HOUSE  DECORA- 
TION, Elementary  and  PRACTiCAL,"/r<V^5j. 

«3o.  A     PRACTICAL    TREATISE    ON  HANDRAILING ; 

Showing  New  and  Simple  Method.*.    By  Geo.  Collings.     Second  Edition, 
Revised,  including  a  TREATISE  OM  STAIRBUILDING.     With  Plates     .  2/6 
"Will  be  found  of  practical  utility  in  the  execution  of  this  difficult  branch  of  joinery." — Buildtr, 

-147.  BUILDING  ESTATES:    A  Treatise  on  the  Development, 

Sale,  Purchase,  and  Management  of  Building  Land.      By  F.  Maitland. 

Second  Edition,  revised  2/0 

"This  book  should  undoubtedly  be  added  to  the  library  of  every  professional  man  dealing  wtth 
building  Iznd.'*— Land  Agent's  Record. 

^%.  PORTLAND    CEMENT  FOR  USERS.    By  Henry  Fmja, 

A.M.  Inst.  C.E.    Third  Edition.  Corrected .  2/0 

"  Supplies  in  a  small  compass  all  that  is  nece.<sary  to  be  known  by  users  of  cement." — Building  News, 

353.  BRICKWORK :  A  Practical  Treatise,  embodying  the  General 

and  Higher  Principles  of  Bricklaying,  Cutting  and  Setting  ;  with  the  Applica- 
tion of  Geometry  to  Roof  Tiling,  &c.    By  F.  Walker    .  .        .        .  i/6 
'*  Contains  all  that  a  young  tradesman  or  student  needs  to  learn  from  books." — Building  News, 

^59.  GAS  FITTING :  A  Practical  Handbook.     By  John  Black. 

With  I3Z  Illustrations ,.  3/6^ 

**  ConUins  all  the  requisite  information  for  the  successful  fitting  of  houses        a  ffas  service,  &c. 
It  is  written  in  a  simple  practical  style,  and  we  heartily  recommend  it?* — Plumber  and  Decorator. 

a53     THE  TIMBER  MERCHANT'S,  SA  W  MILLER 'S,  AND 

IMPORTER'S  FREIGHT  BOOK  AND  ASSISTANT.    By  William 
Richardson,  with  additions  by  M.  Powis  Bale,  M.I.M.E.,  &c.    .        .        •  3'o]; 
"A  compendium  of  calculations  which  suppKesa  real  want  in  the  trade.*' — Building  News. 

The  X  indicates  that  these  vols,  may  be  had  strontrly  bound  at  6d.  extra. 
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Architecture,  Building,  etc.,  continued. 

[THE  PRACTICAL  BRICK  AND  TILE  BOOK.    Com- 

prisiDg:  Brick  and  Tilb  Making,  by  E.  Dobson.  A.I.C.E.:  Practical 
Bricklaying,  by  A.  Hammond  ;  Brickwork,  by  F.  Walker.  550  pp. 
with  970  Illustrations,  strooi^ly  half-bound 6/6 

258.    CIRCULAR  WORK  IN  CARPENTRY  AND  fOINERY. 

A  Practical  Treatise  on  Circular  Work  of  Single  and  Double  Curvature.    By 

George  Colli  ngs.    Second  Edition 3/^ 

*'  Cheap  in  price,  clear  in  definition,  and  practical  in  the  examples  lelected." — Builder. 

a6z.    SNORING^  and  Its  Application  :  A  Handbook  for  the  Use  of 

Students.    By  George  H.  Blagrove.    With  31  Illustrations        .       .        .  t/& 
"  We  recommend  this  Taluable  treatise  to  all  students."— ^v/A/iir^  News, 

26S.    THE  ART  OF  PRACTICAL  BRICK  CUTTING  AND 

SETTING.    By  Adam  Hammond.    With  90  Kngravines      .  .1/6 

267.  THE  SCIENCE  OP  BUILDING:  An  Elementary  Trea- 
tise on  the  Principles  of  Construction.  By  E.  Wyndham  Tarn,  M.A. 
Lond.    Third  Edition,  revised  and  enlarged 3/^t 

271.  VENTILATION:  A  Text  Book  to  the  Practice  of  the  Art  of 

Ventilating  Buildings.     By  W.  P.  BUCHAN,  R.  P.,  Author  of  "  Plumbing," 

&c.    With  170  Illustrations [Just  publislud.  y/6t 

272.  ROOF  CARPENTRY;  Practical  Lessons  in  the  Framing  of 

Wood  Roofs.    For  the  Use  of  Working  Carpenters.    By  Geo.  Collings,  Author 
of  "  Handrailing  and  Stairbuilding,"  &c \jHst  puhiish^,  a/- 

273.  THE  PRACTICAL  PLASTERER:  A  Compendium  of  Plain 

and  Ornamental  Plaster  Work.    By  Wilfred  Kemp      .       [Just  pubiisked,  ^l- 

SHIPBUILDING,   NAVIGATION,  etc. 

51.  NAVAL  ARCHITECTURE:  An  Exposition  of  the  Elemen- 
tary Principles.     By  James  Peake,  H.M.  Dockyard,  Portsmouth         .        .  3/6I 

53..  SHIPS  FOR  OCEAN  AND  RIVER  SER  VICE,  Elementary 

and  Practical  Principles  of  the  Construction  of.  By  H  akon  A.  Sommerfeldt.    x/^* 

Si**.  AN  ATLAS  OF  ENGRAVINGS  to  Illustrate  the  above. 

Twelve  large  folding  Plates.    Royal  4to,  doth 7/^ 

54,  MASTING,     MAST-MAKING,     AND    RIGGING     OF 

SHIPS,  Also  Tables  of  Spars.  Rigging,  Blocks  ;  Chain,  Wire,  and  Hemp 
Ropes,  ftc,  relative  to  every  class  of  vessels.    By  Robert  Kipping,  N.A.     «/o 

54».  IRON    SHIP'B  UILDING.      With  Practical  Examples  and 

Details.   By  John  Grantham.    Fifth  Edition 4/0 

55.  THE  SAILOR'S  SEA  BOOK:  A  Rudimentary  Treatise  on 

Navigation.  By  James  Greenwood,  B.A.  With  numerous  Woodcuts 
and  Coloured  Plates.    New  and  enlarged  Edition.     By  W.  H.  Rosser  .  3/6^ 

"  Is  perhaps  the  best  and  simplest  epitome  of  navigation  ever  compiled. — Fitld, 

55     PR  A  CTICAL  NA  VIGA  TION   Consisting  of  The  Sailor's 

&  Sea-Book,  by  James  Greenwood  and  W.   H.   Rosser  ;  together  with 

004.  Mathematical  and   Nautical  Tables  for  the  Working  of  the  Problems,  by 

Henry  Law,  C.E.,  and  Prof.  J.  R.  Young.    Half-bound  in  leather      .        .  7/0 
"  A  vast  amount  of  information  is  contained  in  this  volume,  and  we  fancy  in  a  very  short  time  that  iV 
will  be  seen  in  the  library  of  almost  everv  ship  or  yacht  afloat." — Humfs  Vackting  Mof^axine. 

80.    MARINE   ENGINES   AND    STEAM    VESSELS.     By 

R.  Murray,  C.E.    Eighth  Edition,  thoroughly  Revised,  with  Additions  by 

the  Author  and  by  George  Carlisle,  C.E aI^X 

"An  indispensable  manual  for  the  student  of  marine  engineering." — Liverpool  Mercury. 

^bis.  THE  FORMS  OF  SHIPS  AND  BOATS,    By  W.  Bland. 

Seventh  Edition,  revised,  with  numerous  Illustrations  and  Models  .        .        .   i/^ 

99.    NAVIGATION  AND    NAUTICAL    ASTRONOMY,  in 

Theory  and  Practice.     By  Prof.  J.  R.  Young.    New  Edition.     Illustrated  .  a/6 
**  A  very  complete,  thorough,  and  useful  manual  for  the  young  navigator." — Obeervatory. 

106.    SHIPS'  ANCHORS,  a  Treatise  on.      By  George  Cotsell.  1/6 
X49.    SAILS  AND  SAIL-MAKING,    With  Draughting,  and  the 

Centre  of  Effort  of  the  Sails.  Also,  Weights  and  Sizes  of  Ropes  ;  Masting, 
Rigging,  and  Sails  of  Steam  Vessels,  &c.    By  Robert  Kipping.  N.A.         .  a/6) 

X55.      THE  ENGINEER'S  GUIDE  TO  THE  ROYAL  AND 

MERCANTILE   NA  VIES,     By  a  PRACTICAL  Engineer.    Revised  by 
D.  F.  M'Carthy.  late  of  the  Ordnance  Survey  Office.  Southampton        .         .  3/0 

Tk4  \  indicates  that  these  vols,  may  be  had  strongly  bound  at  6d.  extra. 
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AGRICULTURE,  GARDENING,  etc. 
6ir  A  COMPLETE  READY  RECKONER  FOR  THE  AD- 

MEASUREMENT  OF  LAND,  6*tf.     By  A.  Arman.     Third  Edition, 

revised  and  extended  by  C.  NoRRis,  Surveyor,  Valuer,  &c 8/0 

*'  A  very  useful  book  to  all  who  luve  land  to  measure."— iVar/l  Lant  Express, 

**  Should  be  in  the  hands  of  all  persons  having  any  connection  with  land." — Irish  Farm. 

X31.  MILLER'S,  CORN  MERCHANT'S,  AND  FARMER'S 

READY  RECKONER.     Second  Edition,  revised,  with  a  Price  List  of 
Modem  Flour  Mill  Machinery,  by  W.  S.  Hutton,  C.E a/o 

"  Will  prove  an  indispensable  vade  mecum.   Nothing  has  been  spared  to  make  the  book  complete  and 
perfectly  adapted  to  its  special  purpose.  '—il/iVi^r. 

140.  SOILS,  MANURES,  AND  CROPS.  (Vol.  I.  Outlines  of 

Modern  Farming.)    By  R.  Scott  Burn.    Woodcuts 9/0 

14,.  FARMING  AND  FARMING  ECONOMY,  Historical  and 

Practical.  (Vol.  II.  Outlines  op  Modern  Farming.)    By  R.  Scott  Burn.  3/0 

"  Eminently  calculated  to  enlighten  the  agricultural  community  on  the  varied  subjects  of  which  ife 
treats  ;  hence  it  should  find  a  place  in  every  farmer's  library." — City  Press. 

14a.  STOCK;    CATTLE,   SHEEP,  AND  HORSES.  (Vol.  III. 

Outlines  of  Modern  Farming.)    By  R.  Scott  Burn.    Woodcuts.        .  a/6 

'*  The  author's  grasp  of  his  subject  is  thorough,  and  his  grouping  of  facts  effective.    .    .    .    We  com- 
nend  this  excellent  treatise. '*>-ffV«i(/|r  Dispatch. 

X45.  DAIRY,  PIGS,  AND  POULTRY.    (Vol.  IV.  Outlines  of 

Modern  Farming.)    By  R.  Scott  Burn.    Woodcuts        .        .       .        .a/o 

"We  can  testify  to  the  clearness  and  intelligibility  of  the  matter,  which  has  been  compiled  from  the 
best  authorities." — London  Review.. 

X46.  UTILIZATION   OF     SEWAGE,    IRRIGATION,  AND 

RECLAMATION  OF  WASTE  LAND.  (VoL  V.  Outlines  of  Modern 
Farming.)     By  R.  Scott  Burn.    Woodcuts a/6 

"  A  work  containing  valuable  information,  which  will  recommend  itself  to  all  interested  in  moden> 
farming.'*— ^jVA/. 

140. 1  OUTLINES   OF  MODERN  FARMING.    By  R.  Scott 

143  L  Burn,  Author  of  ''Landed  Estates  Management,"  "Farm  Management," 
j^' [  and  Editor  of  "The  Complete  Grazier."  Consisting  of  the  above  Five 
Z46'. )      Volumes  in  One,  1,350  pp.,  profusely  Illustrated,  half-bound   ....  la/o 

"The  aim  of  the  author  has  been  to  make  his  work  at  once  comprehensive  and  trustworthy,  and  inr 
this  aim  he  has  succeeded  to  a  degree  which  entitles  him  to  much  oxtdxt^*— Morning  Advertiser. 
**  Should  find  a  place  in  every  farmer's  library."— C«/y  Press. 
"No  farmer  should  be  without  it." — Banbury  Guardian. 

177.  FRUIT  TREES,  The    Scientific  and  Profitable   Culture  of. 

From  the  French  of  M.  Du  Breuil.    Fourth  Edition,  carefully  Revised  by 

George  Glenn y.    With  187  Woodcuts 3/6$ 

'*  The  book  teaches  how  to  prune  and  train  fruit  trees  to  perfection." — Field. 

198.  SHEEP:  The  History,  Structure,  Economy,  and  Diseases  of. 

By  W.  C.  Sfooner,  M.R.V.C,  &c.    Fifth  Edition,  with  fine  Engravings, 

including  Specimens  of  New  and  Improved  Breeds.    366  pp 3/6^ 

'    *'  The  book  is  decidedly  the  best  of  the  kind  in  our  Unguage.'*—5'c<7/f  imam. 

aoi.  KITCHEN  GARDENING  MADE  EASY.     Showing  the 

best  means  of  Cultivating  every  known  Vegetable  and  Herb,  &c.,  with  direc- 
tions for  management  all  the  year  round.  By  Geo.  M.  F.  Glbnny.  Illustrated  i/62 
"This  book  will  be  found  trustworthy  and  useful."— JViwM  British  Agriculturist. 

ao7.  OUTLINES  OF  FARM  MANAGEMENT.    Treating  of 

the  General  Work  of  the  Farm ;  Stock ;  Contract  Work  ;  Labour,  &c.     By 
R.  Scott  Burn,  Author  of  **  Outlines  of  Modem  Farming,"  &c.  .        .        .  a/6J 
'*  The  book  is  eminently  practical,  and  may  be  studied  with  advantage  by  beginners  in  agriculture, 
while  it  contains  hints  which  wQl  be  useful  to  old  and  successful  fwcrtMn**—Scots$nan. 

ao8.  OUTLINES  OF  LANDED  ESTATES  MANAGEMENT: 

Treating  of  the  Varieties  of  Lands,  Methods  of  Farming,  the  Setting-out  of 
Farms,  &c. ;  Roads,  Fences,  Gates,  Irrigation,  Drainage,  &c.  By  R.  S.  Burn.  2/6t 
"  A  complete  and  comprehensive  outline  of  the  duties  appertaining  to  the  management  of  landed 
estates.*' — 7oumal  of  Forestry. 

*^^*  Nos.  207  6*  ao8  in  One  Vol,  handsomely  half-hound,  entitled  "  OUTLINES  OF  LANDED 
Estates  and  Farm  Management."    By  Robert  Scott  Burn.    Price  6s. 

The  X  indicates  that  these  vols,  may  be  had  strongly  bound  at  6d.  extra. 
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Agriculture,  Gardening,  etc.,  continued, 
ao9.  THE  TREE  PLANTER  AND  PLANT  PROPAGATOR  t 

With  numerous  Illustrations  of  Grafting,  Layering,  Budding,  Implements, 
Houses,  Pits.  &c.     By  S.  Wood,  Author  of  *' Good  Gardening,"  &c.     .        .  a/o 

"  Sound  ia  its  teaching  and  very  comprehensive  in  its  aim.  It  is  a  good  book.  **—Ca.rde>ur*  Magasint^ 
"The  instructions  are  thoroughly  practical  and  correct  " — North  British  Agricuitutist. 

flia  THE  TREE  PRUNE R  i  Being  a  Practical  Manual  on  the 

Pruning  of  Fruit  Trees,  including  also  their  Training  and  Renovation,  also 
treating  of  the  Pruning  of  Shrubs.  Climbers  and  Flowering  Plants.  With 
numerous  Illustxations.   By  Samuel  Wood,  Author  of  **  Good  Gardening,"  &c.  i/6 

"  A  useful  book,  written  by  one  who  has  had  irreat  experience.  "~.^a»^  Ltuu  Ex/rtu. 
"  We  recommend  this  treatise  very  highly.'*-  North  British  AgricuitHrist. 

•^*  Nos,  209  6*  a  10  in  One  Vol.,  handsomely  half-bound,  entitled  "THE  Treb 
Planter,  Propagator  and  Pruner.*'    By  Samuel  Wood.    Price  y.  6d. 

ax8.  TIfE  HAY  AND    STRAW  MEASURER;    New  Tables 

for  the  Use  of  Auctioneers,  Valuers,  Farmers,  Hay  and  Straw  Dealers,  &c., 
forming  acomplete  Calculator  and  Ready  Reckoner.    By  John  Steele         .  2^0 

"A  most  useful  handbook.    It  should  be  in  every  professional  office  where  agricultural  valuations  are 
conducted.*'— Z,aiM/  Agent* t  Record. 

223.  SUBURBAN  FARMING :  A  Treatise  on  the  Laying-out  and 

Cultivation  of  Farms,  adapted  to  the  Produce  of  Milk.  Butter  and  Cheese.  Eggs, 
Poultry,  and  Pigs.    By  the  late  Prof.  John  Donaldson.   With  Additions, 
illustrating  Modem  Practice,  by  R.  Scott  Burn.  With  numerous  lUustradons  3/6^ 
'*  An  admirable  treatise  on  all  matters  connected  with  dairy  farms.'* — Live  Stock  yourmmi. 

231.  THE   ART  OF   GRAFTING    AND    BUDDING.      By 

Charles  Baltet.    With  Illustrations 2/6{ 

"The  one  standard  work  on  this  subject." — Scotsman, 

23a.  COTTAGE  GARDENING;  or,  Flowers,  Fruits,  and  Vege- 

tables  for  Small  Gardens.    By  £.  Hobday z/6 

"  Definite  instructions  as  to  the  cultivation  of  small  gardens."— .S'rtf/xm/iw. 
"  Contains  much  useful  information  at  a  small  charge." — Glasgow  Herald, 

033.  GARDEN  RECEIPTS     Edited  by  Charles  W.  Quin.  1/6 

"  A  singularly  eomplete  collection  of  the  principal  receipts  needed  by  gardener*." — Farmer. 
'*  A  useful  and  handy  book,  containing  a  good  deal  of  valuable  informadon." — Athenomm. 

«34.  MARKET  AND  KITCHEN  GARDENING.    By  C.  W. 

Shaw,  late  Editor  of  "Gardening  Illustrated" 3/ot 

"  The  most  valuable  compendium  of  kitchen  and  market-garden  work  published."— ^«rifr^r. 
*'  A  most  comprehensive  volume  on  market  and  kitchen-gardening." — Mark  Lane  Ex/ress. 

^39.    DRAINING  AND  EMBANKING.     A  Practical  Treatise. 

By  John  Scott,  late  Professor  of  Agriculture  and  Rural  Economy  at  the 
Royal  Agricultural  College,  Cirencester.    With  68  Illustrations ....  1/6 

"  A  valuable  handbook  to  the  engineer,  as  well  as  to  the  surveyor.** — Land, 

"This  vohime  should  be  perused  by  all  interested  in  this  important  branch  of  estate  improvement." 
— Land  Agent's  Record. 

a4o.  IRRIGATION  AND  WATER  SUPPLY:  A  Practical  Trea- 

tise  on  Water  Meadows.  Sewage  Irrigation,  Warping,  &c. ;  on  the  Construc- 
tion of  Wells,  Ponds  and  Reservoirs,  &c.    By  Prof.  J.  ScOTT.    With  34  lUusts.  1/6 

"  A  valuable  and  indi.sp  en  sable  book  for  the  estate  manager  and  owner." — Forestry, 
**  Well  worth  the  study  of  all  farmers  and  landed  propricion.'* ^Bnildimg  News. 

84,.  FARM  ROADS,  FENCES,  AND  GATES:     A   Practical 

Treatise  on  the  Roads,  Tramways,  and  Waterways  of  the  Farm ;  the  Prin- 
ciples of  Enclosures ;  and  the  different  kinds  of  Fences,  Gates,  and  Stiles. 
By  Professor  John  Scott.    With  75  Illustrations z/6 

*'Mr.  Scott's  treatise  will  be  welcomed  as  a  concisely  compiled  handbook." — Building  News. 
*' A  useful  practical  work,  which  should  be  in  the  hands  of  every  farmer." — Fanner. 

043.  FARM  BUILDINGS.  A  Practical  Treatise  on  the  Buildings 

necessary  for  various  kinds  of  Farms,  their  Arrangement  and  Construction, 
with  Plans  and  Estimates.    By  Prof.  John  Scott.    With  105  Illusuarions    .  3/0 

"  No  one  who  is  called  upon  to  design  farm-buildings  can  afford  to  be  without  this  work.** — Builder 
*'This  book  ought  to  be  in  the  hands  of  every  landowner  and  agent."— AV/w  Chronicle. 

843.  ^^^^  IMPLEMENTS  AND  MACHINES.    Treating  of 

the  Application  of  Power  to  the  Operations  of  Agriculture;  and  of  the 
variotis  Machines  used  in  the  Threshing-barn,  in  the  Stock*yard,  Dairy,  &c. 
By  Professor  John  Scott.    With  123  Illustrations 2/0 


The  X  indicates  that  these  vols,  may  be  had  strongly  bound  at  6d.  *xira. 
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Agriculture,  Gardening,  etc.,  continued. 

244.  FIELD  IMPLEMENTS  AND  MACHINES:  With  Prin- 

ciples  and  Details  of  Construction  and  Points  of  Excellence,  their  Manage- 
ment, &c.  By  Prof.  John  Scott.    Wiih  138  Illustrations        .        .        .        .   a/o 

245.  AGRICULTURAL  SURVEYING:   A  Treatise  on  Land 

Surveying,  Levelling,  and  Setting-out ;   with  Directions  for  Valuing  and  Re- 
porting on  Farms  and  Estates.     By  Prof.  J.  Scott.    With  62  Illustrations  1/6 

339.)  FARM  ENGINEERING :  By  Professor  John  Scott.  Com- 

^^   r     prising  the  above  Seven  Volumes  in  One,  x,  150  pages,  and  over  600  Illustrations. 

245.;      Half.bound la/o 

"A  copy  of  this  work  should  he  treasured  up  in  every  library  where  the  owner  thereof  is  in  any  way 
connected  wuh  land.* *~ Farm  and  Home. 

asa  MEAT  PRODUCTION:  A  Manual  for  Producers,  Distribu- 
tors, and  Consumers  of  Butchers'  Meat.    By  John  Ewart.  .        .       .3/6 
"  A  compact  and  handv  volume  on  the  meat  question.*' — Meat  and  Provision  Trades*  Review, 

366.  BOOK-KEEPING    FOR    FARMERS   AND    ESTATE 

OWNERS.    A   Practical  Treatise,  presenting,  in  Three  Plans,  a  System 
adapted  for  all  classes  of  Farms.  By  J.  M.  Woodman,  Charterea  Accountant. 

Third  Edition,  revised a/6 

TAe  above  in  cloth  boards,  strongly  bound,  31.  6</. 


«  • 


"  Will  be  found  of  great  assistance  by  those  who  intend  to  commence  a  system  of  boolc-keeping,  the 
author's  examples  being  clear  and  explicit,  and  his  explanations  full  and  accurate." — Live  Stock 


jfourneU. 


MATHEMATICS,  ARITHMETIC,  etc- 

33.  MATHEMATICAL  INSTRUMENTS,  a  Treatise  on  ;  Their 

Construction,  Adjustment,  Testing,  and  Use  concisely  Explained.  By  J.  F. 
Heather,  M.A.,  of  the  Royal  Military  Academy.  Woolwich.  Fourteenth 
Edition,  Revised,  with  Additions,  by  A.  T.  Walmisley.  M.I.C.E.,  Fellow  of 
the  Surveyors'  Institution.  Original  Edition,  in  i  vol..  Illustrated  .  .  .  a/ot 
%*  In  ordering  the  above,  be  careful  to  say  "  Original  Edition*'  or  give  the  number  in 
the  Series  (32),  to  distinguish  it  from  the  Enlarged  Edition  in  3  vols.  fNos.i(il&-^r7oJ, 

76.  DESCRIPTIVE  GEOMETR  Y,  an  Elementary  Treatise  on ; 

with  a  Theory  of  Shadows  and  of  Perspective,  extracted  from  the  French  of 
G.  MoNGE.  To  which  is  added  a  Description  of  the  Principles  and  Practice 
of  Isometrical  Projection.    By  J.  F.  Heather,  M. A.    With  14  Plates  .  2/0 

78.  PRACTICAL  PLANE  GEOMETRY:  giving  the  Simplest 

Modes  of  Constructing  Figures  contained  in  one  Plane  and  Geometrical  Con- 
struction of  the  Ground.    By  J.  F.  Heather,  M.A.    With  215  Woodcuts     .   2/0 
"The  author  is  well-known  as  an  experienced  professor,  and  the  volume  contains  as  complete  a 
collection  of  problems  as  is  likely  to  be  required  in  ordinary  practice." — Architect. 

83.  COMMERCIAL    BOOK-KEEPING.      With    Commercial 

Phrases  and  Forms  in  English,  French,  Italian,  and  German.  By  Tames 
H ADDON,  M.A.,  formerly  Mathematical  Master,  King's  College  School        .   1/6 

84.  ARITHMETIC,  a  Rudimentary  Treatise  on  :  with  full  Expla- 

nations of  its  Theoretical  Principles,  and  numerous  Examples  for  Practice. 
For  the  Use  of  Schools  and  for  Self- Inst  ruction.  By  J.  R.  Young,  late 
Professor  of  Mathematics  in  Belfast  College.    Eleventh  Edition  .        .    1/6 

84*.^  KE  Y  TO  THE  ABO  VE.    By  J.  R.  Young         .      .      .1/6 

85.  EQUATIONAL   ARITHMETIC,  applied  to  Questions  of 

Interest,  Annuities,  Life  Assurance,  and  General  Commerce  ;  with  various 
Tables  by  which  all  Calculations  may  be  greatly  facilitated.    By  W.  Hipsley.  2/0 

86.  ALGEBRA,  the  Elements  of.     By  James   Haddon,  M.A., 

formerly  Mathematical  Master  of  King's  College  School.  With  Appendix, 
containing  Miscellaneous  Investigations,  and  a  collection  of  Problems     .  a/o 

86*.i^  KE  Y  AND   COMPANION  TO   THE  ABO  VE.     An 

extensive  repository  of  Solved  Examples  and  Problems  in  Illustration  of  the 
various  Expedients  necessary  in  Algebraical  Operations.    By  J.  R.  Young. 

88.  EUCLID,  The  Elements  of:  with  many  Additional  Proposi- 

&  tions  and  Explanatory  Notes ;  to  which  is  prefixed  an  Introductory  Essay  on 

89.  Logic.    By  Henry  Law,  C.E a/6 

*j^*  Sold  also  separately,  vis. : — 

88.  Euclid,  The  First  Three  Books.    By  Henry  Law,  C.E x/6 

89.  Euclid.  Books  4.  5.  6,  II.  I  a.    By  Henry  Law,  C.E i/ft 

The  I  indicates  that  these  vols,  may  be  had  strongly  bound  at  6d.  extra. 
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Mathematics,  Arithmetic,  etc.,  continued, 
90.  ANALYTICAL     GEOMETRY     AND     CONIC    SEC- 

"  TIONS,  a  Rudimentary  Treatise  on.    By  Tames  Hann.    A  New  Edition, 
re-written  and  enlarged  by  Professor}.  R.YOUNG s/oX 


«( 


Tlie  aathor'c  style  is  exceedingly  clear  and  simple,  and  the  book  is  well  adapted  for  the  beginner 
and  those  who  may  be  obliged  to  have  recourse  to  self^tuiuon.'*— f  «v/Mr<r. 

9,.  PLANE  TRIGONOMETRY,  the  Elements  of.    By  James 

Hann,  formerly  Mathematical  Master  of  King's  College,  London  .         .    1/6 

9a.  SPHERICAL    TRIGONOMETRY,   the  Elements  of.     By 

James  Hann.    Revised  by  Charles  H.  Dowling,  C.£ xA> 

%•  Or  with  '•  Tki  Eltmtnis  of  Plane  Trixonomeiry,"  in  One  Volume,  2J.  6d, 

93.  MENSURATION  AND  MEASURING,  for  Students  and 

Practical  Use.   With  the  Mensuration  and  Levelling  of  Land  for  the  purposes 

of  Modern  Engineering.  By  T.  Bakek,  C.E.  New  Ed.  by  E.  Nugent,  C.E.    i/^ 

xoi.  DIFFERENTIAL  CALCULUS,E\cmentso{tht.  ByW.S.  B. 

WOOLHOUSE,  F.R.A.S.,  &c ^/^ 

J02.  INTEGRAL  CALCULUS.    By  Homersham  Cox,  B.A.         .  i/o 

,36.  ARITHMETIC,  Rudimentary,  for  the  Use  of  Schools  and  Self- 
instruction.    By  James  H  ADDON,  M.  A.    Revised  by  Abraham  Arman       .    1/6 

,37.  A  KEY  TO  THE  ABOVE.    By  A.  Arman      .      ,      .       .  i/& 
,68.  DRA  WING  AND  MEASURING  INSTRUMENTS,     In- 

eluding — I.  Instruments  employed  in  Geometrical  and  Mechanical  Drawing, 
and  in  the  Construction.  Copying,  and  Measurement  of  Maps  and  Plans. 
II.  Instruments  used  for  the  purposes  of  Accurate  Measurement,  and  for 
Arithmetical  Computations.    By  J.  F.  Heather.  M.  A 1/6 

*'  Valuable  and  instructive  to  all  whose  occupations  require  exceptional  accuracy  in  measureineDts."' 
'-JewelUx  and  Metal  IV^rker. 

X69.  OPTICAL  INSTRUMENTS.    Including  (more  especially) 

Telescopes,  Microscopes,  and  Apparatus  for  producing  copies  of  Maps  and 
Plans  by  Photography.    By  J.  F.  Heather,  M. A.    Illustrated     .        .        .1/^ 
"  An  excellent  treatise."— ^rvft>A  journal  0/  Pkatograpky. 

170.  SURVEYING  6*  ASTRONOMICAL   INSTRUMENTS. 

Including — I.  Instruments  used  for  Determining  the  Geometrical  Features  of 
a  portion  of  Ground.  II.  Instruments  employeid  in  Astronomical  Observa- 
tions.   By  J.  F.  Heather.  M.A.    Illustrated x/fr 

*  "  A  good,  sensible,  useful  hook."— School  Board  Chronicle, 

*«*  The  above  three  volumes  form  an  enlargement  of  the  Authors  original  worh^ 
'  *  Mathematical  Instruments  "  :  price  aj .    fSee  No,  3a  in  the  Sertes.  J 

MATHEMATICAL  INSTRUMENTS:  Their  Construction, 

Adjustment,  Testing  and  Use.  Comprising  Drawing,  Measuring,  Optical. 
Surveying,  and  Astronomical  Instruments.  By  J.  F.  Heather,  M.A. 
Enlarged  Edition,  for  the  most  part  entirely  re-written.  The  Three  Parts 
as  above,  in  One  thick  Volume 4/6$ 

"  An  exhaustive  treatise,  belonging  to  the  well-known  Wcale's  Series.    Mr.  Heather's  ezperitnce 
well  qualifies  him  for  the  task  he  has  so  ably  fulfilled." — Bnginteting emd Building  Ttmet. 

JSB.THE  SLIDE  RULE,  AND  HO IV  TO  USE  IT.  Con- 
taining full,  easy,  and  simple  Instructions  to  perform  all  Business  Calculations 
with  unexampled  rapidity  and  accuracy.  By  Charles  Hoare,  C.E.  With 
a  Slide  Rule,  in  tuck  of  cover.     Fifth  Edition 8/6t 

196.  THEORY  OF  COMPOUND  INTEREST  AND  ANNUI- 
TIES ;  with  Tables  of  Logarithms  for  the  more  Difllicult  Computations  of 
Interest,  Discount,  Annuities,  &c.,  in  all  their  Applications  and  Uses  for  Mer- 
cantile and  State  Purposes.      By  Fedor  Thoman,  of  the  Soci^t^  CrMit 
Mobilier,  Paris.     Fourth  Edition,  carefully  revised  and  corrected        .        .  4/0 

,    "  A  very  powerful  work,  and  the  author  has  a  very  remarkable  command  of  his  subject.** — Profcsstr 
A.  de  MoKCAN.        "  We  recommend  it  to  the  notice  of  actuaries  and  accountants.** — Athntitum, 


x68. 
169. 
170. 


The  \  indicates  that  these  vols,  may  le  had  strongly  bound  at  6d,  e9inu 
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Mathematics,  Arithmetic,  etc.,  continued. 
199.  THE   COMPENDIOUS  CALCULATOR  (Intuitive  CcUcu- 

laiioHsS;  or,  Easy  and  Concise  Methods  of  Perfoiming  the  various  Ariib- 
metical  Operations  required  in  Commercial  and  Business  Transactioas  ; 
together  with  Useful  Tables,  &c.  By  Daniel  O'GoRM am.  Twenty-seventh 
Edition,  carefully  revised  by  C.  NoRRis 3/6 

***  The  above  strongly  half-bound,  price  y .  6d. 

"  It  would  be  difficult  to  exaggerate  the  usefulness  of  this  book  to  everyone  engaged  in  commeree 
or  manufaccuring  industry.  It  is  crammed  full  with  rules  and  formulae  for  shortening  and  employing 
calculations  in  money,  weights  and  measures,  &c.  of  every  sort  and  description." — Knowledge. 

ao4.  MATHEMATICAL  TABLES^  for  Trigonometrical,  Astro- 
nomical, and  Nautical  Calculations  ;  to  which  is  prefixed  a  Treatise  on 
Logarithms.  By  H.  Law,  C.E.  Together  with  a  Series  of  Tables  for  Navi- 
gation and  Nautical  Astronomy.    By  Professor  J.  R.  Young.     New  Edition  4/0 

•04.*  LOGARITHMS.   With  Mathematical  Tables  for  Trigonome- 

'  trical.  Astronomical,  and  Nautical  Calculations.    By  Henry  Law,  C!E. 
Revised  Edition.    (Forming  part  of  the  above  work.)     .        .        .        .        .  3/0 

aai.  MEASURES,    WEIGHTS,  AND    MONEYS  OF  ALL 

•     NA  TIONS,  and  an  Analysis  of  the  Christian,  Hebrew,   and  Mahometan 
Calendars.    By  W.  S.  B.  Woolhousb,  F.R.A.S.,  F.S.S.    Seventh  Edition,  d/6t 
**  A  work  necessary  for  every  mercantile  office."— ^«ri/4f«V«^  Tradts  JourMal. 

827.  A, TREATISE  ON  MATHEMATICS,  as  applied  to  ,  the 

•  Constructive  Arts.    By  Francis  Campin,  C.E.,  &c.    Second  Edition    .        .  3/0} 
"  Should  be  in  the  hands  of  everyone  connected  with  building  construction." — Buildt^s  WtMf 
Heporter, 

PHYSICAL    SCIENCE,    NATURAL    PHILOSOPHY,    etc. 

I.  CHEMISTRY,iox  the  Use  of  Beginners.  By  Prof.  Geo.  Fownes, 

F.R.S.    With  an  Appendix  on  the  Application  of  Chemistry  to  Agriculture,  x/o 

a,  NATURAL   PHILOSOPHY,    for   the   Use  of   Beginners. 

By  Charles  Tomlinson,  F.R.S 1/6 

6.  MECHANICS:  Being  a  concise  Exposition  of  the  General 

Principles  of  Mechanical  Science,  and    their  Applications.    By  Charles 
Tomlinson,  F.R.S x/6 

J.,  ELECTRICITY;  showing  the  General  Principles  of  Electri-  ' 

cal  Science,  and  the  Purposes  to  which  it  has  been  applied.  By  Sir  W.  Snow 
Harris,  F.R.S.,  &c.  With  considerable  Additions  by  K.  Sabine,  C.E.,  F.S.A.  z/6 

7*.    GALVANISM.    By  Sir  W.  Snow  Harris.    New  Edition, 

revised,  with  considerable  Additions,  by  Robert  Sabine,  C.E.     .        .        .  x/6 

8.  MAGNETISM.    By  Sir  W.  Snow  Harris.     New  Edition, 

revised  and  enlarged  by  H.  M.  NoAD,  Ph.D.     With  165  Woodcuts  .   3/6^ 

^  "  The  best  popular  exposition  of  magnetism,  its  intricate  relations  and  complicating  effects,  with 
which  we  are  acquainted."--6'cA^0/  Board  Chronicle. 

II.  THE  ELECTRIC  TELEGRAPH:  its  History  and  Progress ; 

with  Descriptions  of  some  of  the  Apparatus.  By  R.  Sabine,  C.E.,  F.S.A.,  &c.  3/0 
"  Essentially  a  practical  and  instructive  work.*' — Daily  Telegraph. 

la.  PNE  UM A  T ICS,  \nc\\xdmg  Xco\is\xcs  and  the  Phenomena  of 

Wind  Currents,  for  the  Use  of  Beginners.  By  Charles  Tomlinson,  F.R.S. 
Fourth  Edition,  enlarged.    Illustrated.     .        . z/6 

ya,  MANUAL  OF  THE  MOLLUSCA:  A  Treatise  on  Recent 

and  Fossil  Shells.    By  Dr.  S.  P.  Woodward,  A.L.S.    With  Appendix  by. 

Ralph  Tate,  A.L.S.,  F.G.S.    With  numerous  Plates  and  300  Woodcuts. 

cloth  boards,  gilt 7/6 

"  A  storehouse  of  conchological  and  geological  information." — Hardwick/s  Science  Gossip. 

"  An  important  work,  with  such  additions  as  complete  it  to  the  present  time.*' — Land  and  Water, 

^.  ASTRONOMY.    By  the  late  Rev.  Robert  Main,  M.  A.,  F.R.S., 

formerly  Radcliffe  Observer  at  Oxford.    Third  Edition,  revised  and  corrected 
to  the  Present  Time,  by  William  Thynnb  Lynn,  B.A.,  F.R.A.S.       .        .  2/0 
"A  sound  and  simple  treatise,  very  carefully  edited,  and  a  capital  book  for  {beginners. " — Knowledge^ 

^.  STATICS  AND  DYNAMICS,  the  Principles  and  Pjactice  of; 

embracing  also  a  clear  development  of  hydrostatics.  Hydrodynamics,  and 
Central  Forces.    By  T.  Baker,  C.E.    I''ptirth  Edition M 

The  X  indicates  that  these  vols,  may  be  Mad  slf^ngly  bound  ai  6d.  extra. 
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Physical  Science,  Natural  Philosophy,  etc.,  continued. 
,38.  TELEGRAPH,   HANDBOOK    OF  THE:    A    Guide   to 

Candidates  for  Employment  in  the  Telegraph  Service.  By  R.  Bond.   Foorth 
Edition 3/0X 

173.  PHYSICAL  (?^^Z<3Cr,partlybased  on  Major^eneral  Port- 
lock's  "Rudimenu  of  Geology."    By  Ralph  Tate,  A.L.S.,  &c  Woodcats.  a/o 

X74.  HISTORICAL  GEOLOGY,  partly  based  on  Major-General 

PoRTLOCK's  •  •  Rudiments. "    By  Ralph  Tate,  A.L.S. ,  Ac.    Woodcuts .        .  3/6 

173.  GEOLOGY,    Physical    and    Historical.      Consisting   of 

&          •*  Physical  Geoloey,"  which  sets  forth  the  Leading  Principles  of  the  Science ; 
174.        and  ' '  Historical  Geology. "  which  treats  of  the  M  ineral  and  Organic  Conditions 
of  the  Earth  at  each  successive  epoch.    By  Ralph  Tate,  F.G.S.,  &c.,  &c. 
With  250  Illustrations 4/6J 

"  The  fulness  of  the  matter  has  elevated  the  book  into  a  manual,    f  t«  informal  ion  is  exhaustive  and 
well  arranged,  so  that  any  subject  may  be  opened  upon  at  Kintit"— School  Board  Chronicle, 

183.  ANIMAL  PHYSICS,  Handbook  of.     By  Dionysius  Lard- 

X84.        NER,  D.C.L.    With  520  Illustrations.   In  One  Vol.  (732  pages),  cloth  boards.  7/6 

%*  Sold  alio  in  Two  Paris ^  as  follows: — 

183.  Animal  Physics.    By  Dr.  Lardner.    Part  I.,  Chapters  L -VI I.        .       .4/0 

184.  Animal  Physics.    By  Dr.  Lardner.    Part  II.,  Chapters  VIII.-X VIII.     .3/0 
'*  This  book  contains  a  great  deal  more  than  an  introduction  to  human  anatomy.    In  it  wilt  be  foaad 

the  elements  of  comparative  anatomy,  a  <x>niplete  treatise  on  the  functions  of  the  body,  and  a  descripiioo 
of  the  phenomena  or  birth,  growth,  and  decay.'' — Educaticnal  Times. 

269.  LIGHT:  An  Introduction  to  the  Science  of  Optics.     Designed 

for  the  Use  of  Students  of  Architecture,  Engineering,  and  other  Applied 
Sciences.  By  £.  Wyndham  Tarn,  M.A.,  Author  of  "The  Science  of 
Building,"  &C. 1/6 

—  -♦    —      -      — 

FINE  ARTS,  etc. 

ao.  PERSPECTIVE  FOR  BEGINNERS.     Adapted  to  Young 

Students  and  Amateurs  in  Architecture,  Painting,  &c.    Hy  George  Pyne.  a/o 

40.  GLASS  STAINING,  AND  THE  ART  OF  PAINTING 

ON  GLASS.  From  the  German  of  Dr.  Gessert  and  Emanuel  Otto 
Fromberg.    With  an  Appendix  on  The  Art  op  Enamelling.        .       .  9/6 

69.  MUSIC,  A   Rudimentary  and  Practical  Treatise  on.      With 

numerous  Examples.    By  Charles  Child  Spencer 3/6 

*'  Mr.  Spencer  has  marshalled  his  information  with  much  skill,  and  yet  with  a  simplicity  that  must 
recommend  his  works  to  all  who  wish  to  thoruiighly  understand  music** — Weekly  Times, 

71.  PIANOFORTE,  The  Art  of   Playing  the.      With  numerous 

Exercises  and  Lessons.    By  Charles  Child  Spencer      .       .        .        .  z/5 

"  A  sound  and  excellent  work,  written  with  spirit,  and  calculated  to  inspire  the  pupil  with  a  desire  to 
aim  at  high  accomplishment  in  the  art." — School  Board  Chronicle, 

69,71.  MUSIC,  AND  THE  PIANOFORTE,  One  VoL  Half-bound.  5/o 
x8i,  PAINTING  POPULARLY  EXPLAINED.     By  Thomas 

JOHN  Gullick,  Painter,  and  John  Timbs,  F.S.A.    Including  Fresco.  Oil, 
iosaic,  Water  Colour,  Water-Glass,  Tempera,  Encaustic.  Miniature,  Painting 
on  Ivory,  Vellum,  Pottery,  Enamel.  Glass,  &c.     Fifth  Edition      .        .        .  5/0X 
*,•  Adopted  as  a  Prize  book  at  South  Kensington, 

**  Much  may  be  learned,  even  by  those  who  fancy  they  do  not  require  to  be  taught,  from  the  carefu) 
perusal  of  this  unpretending  but  comprehensive  treatise." — Art  Journal. 

186.  A  GRAMMAR  OF  COLOURING.   Applied  to  Decorative 

Painting  and  the  Arts.  By  George  Field.  New  Edition,  revised  and 
enlarged  by  Ellis  A.  Davidson.    With  Coloured  Plates       ....  3/0X 

"The  book  is  a  most  useful  resumi  of  the  properties  of  pigments.** — Builder. 
"One  of  the  most  useful  of  students'  books."— y4rr^V«<:/. 

246.  A  DICTIONAR  Y  OF  PAINTERS,  AND  HANDBOOK 

FOR  PICTURE  AMA  TEURS :  being  a  Guide  for  Visitors  to  Public  and 
Private  Picture  Galleries,  and  for  Art-Students,  including  Glossary  of  Tenns, 
Sketch  of  Principal  Schools  of  Painting,  &c.    By  Philippe  Daryl,  B.A.     .  a/6t 
Considering  its'SOMiU'compass,  really  admirable.    We  cordially  recommend  the  book.'* — BuiuUr. 

Thi  X  indicates  that  thesf  vols,  may  be  had  strongly  bound  at  6d,  ixtra. 


•< 


IVEALE*S  RUDIMENTARY  SERIES.  63 


INDUSTRIAL  AND  USEFUL  ARTS. 
23.  BRICKS    AND     TILES,    Rudimentary    Treatise    on    the 

Manufacture  of;   containing  an  Outline  of  the  Principles  of  Briclunaking. 
By  E.  DoBSON,  M.R.I. B.A.    Additions  by  C.  Tomlinson,  F.R.S.    lUust.  3/ot 
'*  The  b^t  handbook  on  the  subject.    We  can  safely  recommend  it  as  a  good  investment"— ^»^«r» 

67.  CLOCKS  AND  WATCHES,  AND  BELLS,  a  Rudimentary 

Treatise  on.    By  Sir  Edmund  Beckett,  Bart.  Q.C.    Seventh  Edition.        .  4/6 

*«*  The  above  handsomely  bounds  cloth  boards »  $s.  6d. 
'*The  best  work  on  the  subject  probably  extant.    The  treatise  on  bells  is  undoubtedly  the  best  in 
Che  language." — EngiMeeriMg.        *'The  only  modern  treatise  on  clock-making." — Horological  yemrmtL 

Ss^•.  CONSTRUCTION  OF  DOOR  LOCKS.  From  the  Papers 
of  A.  C.  HOBBs.  Edited  by  Charles  Tomlinson.  F.R.S.  With  a  Note 
upon  Iron  Safes  by  Robert  Mallet.    Illustrated a/6 

26a.  TBE  BRASS  FOUNDER'S  MANUAL:  Instructions  for 

Modelling,  Pattern  Making,  Moulding,  Turning.  &c.    By  W.  Graham.        .  2/0$ 

ao5.  THE  ART  OF  LETTER  PAINTING  MADE    EASY. 

By  Tames  Greig  Radenoch.    With  la  full-page  Engravings  of  Examples    .  x/6 
"  Any  intelligent  lad  who  fails  to  turn  out  decent  work  after  studying  this  system,  has  mistaken  hi» 
vocation.  ^'—^«^/uA  Mechanic. 

8,5.  THE  GOLDSMITH'S  HANDBOOK,  containing  full  In- 
structions in  the  Art  of  Alloying,  Melting,  Reducing,  Colouring.  Collecting  and 
Refining.  The  processes  of  Manipulation,  Recovery  of  Waste,  Chemical  and 
Physical  Properties  of  Gold  ;  Solders,  Enamels  and  other  useful  Rules  and 
Recipes.  &c.  By  George  E.  Gee.  Third  Edition,  considerably  enlarged  .  5/0^ 
**A  good,  sound,  technical  educator.*' — H^role^cal  Journal, 
**A  standard  book,  which  few  will  care  to  be  without" — y*wellerand  Metalworker, 

aas.  THE  SIL  VERSMITH'S  HANDBOOK,  on  the  same  plan 

as  the  above.    By  George  E.  Geb^    Second  Edition,  Revised        .  .  3/ot 

"A  valuable  sequel  to  the  author's  '  Practical  Goldworker.*"— sS'iVzr^rvM/M'«  Trade  Journal, 
"  As  a  guide  to  workmen  it  will  prove  a  good  technical  educator." — Glasgow  Herald, 

•<•  The  two  prtceding  Works,  in  One  handsome  Vol,,  half-bound,  entitled  "  The 
Goldsmith's  and  Silversmith's  Complete  Handbook."  js. 

849.  ^^^  HALL-MARKING  OF  JE  WELLER  Y.  Compris- 
ing an  account  of  all  the  different  Assay  Towns  of  the  United  Kingdom ;  with 
the  Stamps  at  present  employed  ;  also  the  Laws  relating  to  the  Standards  and 
Hall-Marks  at  the  various  Assay  Offices.    By  George  K.  Gee  .        .  3/o{ 

**  Deals  thoroughly  with  its  subject  from  a  manufacturer's  and  dealer'spointof  view."— Jtfiitf/</>r. 
**  A  valuable  and  trustworthy  guide." — Mngliih  Meckanic. 

aa4.  COACH-BUILDING :   A  Practical  Treatise,  Historical  and 

Descriptive.    By  James  W.  Burgess.    With  57  Illustrations         .        .        .  3/6t 
"This  handbook  will  supply  a  long-felt  want,  not  onlv  to  manufacturers  themselves,  but  more 
particularly  apprentices  and  others  whose  occupations  may  be  in  any  way  connected  with  the  trade  of 
coach-building." — European  Mail. 

335.  PRACTICAL   ORGAN  BUILDING.    By  W.  E.  Dickson, 

M.A..  Precentor  of  El^  Cathedral.    Second  Edition.  Revised,  with  Additions.  a/6t 
"The  amateur  builder  will  find  in  this  book  all  that  is  necessary  to  enable  him  personally  to  con- 
struct a  perfect  organ  with  his  own  hands." — Academy, 

**  The  best  work  on  the  sbbject  that  has  yet  appeared  in  book  torm.**— English  Mechanic, 

afia.  THE  ART  OF  BOOT  AND  SHOEMAKING,  including 

Measurement.  Last-fitting.  Cutting-out.  Closing  and  Making ;  with  a  Descrip- 
tion of  the  most  Approved  Machinery  employ«l.  By  John  Bedford  Leno, 
late  Editor  of  * '  St.  Crispin  "  and ' '  The  Boot  and  Shoemaker. "  With  numerous 

Illustrations.    Third  Edition a/ot 

''This  excellent  treatise  is  by  far  the  best  work  ever  written  00  the  subject.  The  chapter  on  clicking. 

which  shows  how  waste  may  be  prevented,  will  save  fifty  times  the  price  of  the  boo!k.**~-Scottish  Leather.. 

Trader. 

263.  MECHANICAL  DENTISTR  Y:  A  Practical  Treatise  on  the 

Construction  of  the  Various  Kinds  of  Artificial  Dentures,  comprising  also 
Useful  Formulae.  Tables  and  Receipts  for  Gold  Plate,  Clasps,  Solders,  &c. 
By  Charles  Hunter.    Third  Edition,  revised,  with  addiOons  .        .  3/ot 

*'  We  can  strongly  recommend  Mr.  Hunter's  treatise  to  all  students  preparing  for  the  profession  of 
dentistry.  a«  well  as  to  every  mechanical  dentist.'* — Dublin  Journal  of  Medical  Saence. 

270.   WOOD  ENGRA  VING :  A  Practical  and  Easy  Introduction 

.to  the  Stu^ly  of  the  Art.    By  W.  N.  Brown 1/6 

9^  The  t  indicates  that  thesi  vols,  may  be  had  stnmgly  bound  at  6d.  extra. 


<4  WE  ALE'S  RUDIMENTARY  SERIES. 


MISCELLANEOUS  VOLUMES. 

36.  A  DICTIONARY  OF  TERMS  used  in  ARCHITECTURE^ 

BUILDING,  ENGINEERING,  MINING,  METALLURGY,  ARCHE- 
OLOGY, the  FINE  ARTS,   &»c.     By  John  Weale.      Sixth  Edition.      - 
Edited  by  Robt.  Hunt,  F.R.S..  Keeper  of    Mining   Records,  Editor  of 
"  Ure's  Dictionary."    Numerous  Illustrations 5/0 

•»•  Tke  above,  strongly  bbund  in  cloth  hoards,  price  6*. 
The  best  aoiall  technologiwl  dictionary  in  the  language.** — Arckittct. 

'  The  absolute  accuracy  of  a  work  of  this  character  can  only  be  judged  of  after  extensive  consultation 
And  from  our  examination  it  appears  very  correct  and  very  complete/* — Mining  JommaL 

*'  There  is  no  need  now  to  speak  of  the  excellence  of  this  work ;  it  received  the  approvtd  of  the  com- 
munity long  ago.  Edited  now  by  Mr.  Robert  Hunt,  and  published  in  a  cheap,  handy  form,  it  will  be  of 
the  utmost  service  as  a  book  of  reference  scarcely  to  be  exceeded  in  value.*'— .Sh^/««Mi». 

^.THE    LAW    OF    CONTRACTS  FOR    WORKS   AND 

SERVICES.    By  David  Gibbons.      Fourth  Edition,  with  Appendix  of 
Statutes  by  T.  F.  Utti.by,  Solicitor.    Cloth  boards 3.6 

**'  A  very  compendious,  full  and  intelligible  digest  of  the  working  and  results  of  the  law,  in  regard  to 
4dl  kinds  of  contiactt  between  parties  standing  in  the  relation  of  employer  and  employed.*' — Builder, 

"This  exhaustive  manual  is  written  in  a  clear,  terse,  and  pleasant  style,  and  is  just  the  work  for 
masters  and  servants  alike  to  depend  upon  for  constant  reference.'* — MttropelUan» 

„a.  MANUAL  OF  DOMESTIC  MEDICINE.  By  R.  Gooding, 

B.A.,  M.D.    Intended  as  a  Family  Guide  in  all  cases  of  Accident  and  Emer* 
gency.    Third  Eldition,  carefully  revised 2/0 

"  The  author  has,  we  think,  performed  a  useful  service  by  placing  at  the  disposal  of  those  situated, 
by  unavoidable  circumstances,  at  a  distance  from  medical  aid,  a  reliable  and  sensible  work  in  which  pro- 
fessional knowledge  and  accuracy  have  been  well  seconded  by  the  ability  to  express  himself  in  ordinary 
untechnical  language."~/'»^/rV:  Health. 

,ia.«  MANAGEMENT    OF   HEALTH.      A  Manual  of  Home 

and  Personal  Hygiene.    By  the  Rev.  James  Bmrd,  B.A.      .        .        .        •  z/o 

"  The  author  gives  sound  instructions  for  the  preservation  of  health."— ^/Jb^mnvM. 

**  It  is  wonderfully  reliable,  it  is  written  with  excellent  taste,  and  there  is  instruction  crowded  into 
every  page." — Englieh  Mechanic. 

X50.  LOGIC,  Pure  and  Applied.  By  S.  H.  Emmens.    Third  Edition  x/6 

**  This  admirable  work  should  be  a  text-book  not  only  for  schools,  students  and  philosophen,  for  all 
Jiterateurs  and  men  of  science,  but  for  those  concerned  in  the  practical  affairs  of  hfe,  &c." — Tke  Neun. 

,53.  SELECTIONS  FROM  LOCKE'S  ESSAYS    ON  THE 

HUMAN  UNDERSTANDING.    With  Note^by  S.  H.  Emuens      .        .  a/o 

154.  GENERAL  HINTS  TO  EMIGRANTS.    Containing  No- 

tices  of  the  various  Fields  for  Emigration.    With  Hints  on  Preparation  for 
Emigrating,  Outfits,  &c.,  Useful  Recipes,  Map  of  the  World,  &c.         .        .  2/0 

157.  THE  EMIGRANT'S  GUIDE  TO  NATAL.    By  Robert 

James  Mann,  F.R.A.S.,  F.M.S.    Second  Edition,  revised.    Map        .        »  a/o 

M3.  HANDBOOK  OF  FIELD  FORTIFICATION.     By  Major 

W.  W.  Knollys,  F.R.G.S.    With  163  Woodcuts S/ot 


*' A  well«timed  and  able  contribution  to  our  military  literature.  .  .  .  The  author  supplies,  in  a 
clear  business  style,  all  the  information  likely  to  be  practically  useful."— CAtfiwArrr  0/  Commerce 
Chronicle, 

X94.  THE  HOUSE  MANAGER:  Being  a  Guide  to  Housekeep- 
ing. Practical  Cookerr,  Pickling  and  Preserving,  Household  W<»-k,  Dairy 
Management,  the  Table  and  Dessert,  Cellarage  of  Wines.  Home-brewing  and 
Wine>making,  the  Boudoir  and  Dressing-room,  Travelling,  Stable  Economy, 
GardeniiLg  Operations,  &c.    By  An  Old  Housekeeper       ....  3/6X 

"We  find  hsr^nicections  to  be  discovered  in  no  other  book,  tending  to  save  expense  to  the  pocket, 
as  well  as  l^ho^ J^\SehicaA."—yohn  Bull, 

*'  Quite  arir  ^Encyclopaedia  of  domestic  mattem.  We  have  been  greatly  pleased  with  the  neatness 
And  luciiUty  dl  the  «U^lK^f|^  ^LaU,"— Court  Circular, 

^^^\hoUS^ffuuK[T7u).  Comprising:  I.  The  House  Manager. 

IC2.  L  By  an  Old  Housekeeper.    H.  Domestic  Medicine.    By  Ralph  Gooding, 
&     r  M.D.    III.  Management  of  Health.    By  James  Baird.    InOneVoL, 
ita*.  /   strongly  half-bound 6/0 

The  \  indicates  thai  these  vols,  may  be  had  strongly  bonndat  6d.  extra. 
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